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The  fireflies  are  among  the  heat  known  of  our  native 
fauna,  so  that  it  is  understandable  that  the  scientific  lite¬ 
rature  concerning  them  is  very  extensive.  A  good  survey  of 
the  European  end  non-European  literature  is  given  by  Harvey 
[53,55;  here  and  below,  the  numbers  in  square  brackets  after 
the  author* s  name  indicate  the  number  in  the  bibliography  at 
the  end  of  this  article]  in  his  two  compilational  works  on 
bioluminescence.  The  European  literature  breaks  off  after 
the  first  quarter  of  this  century,  having  reached  its  peak 
in  the  first  two  decades.  It  concerned  itself  chiefly  with 
the  phenomenon  of  luminescence  and  limited  itself  in  Europe 
particularly  to  anatomy  and  histology  (Bongardt  [9],  Vogel 
1127,128,129, 130],  M.  Schultzs  [ll6J,  Wielowiejski  [140]) 
and  to  the  physiology  of  the  luminous  organs  (Bongardt  [8,9], 
KUlliker  [6§],  Kuhnt  [70],  Macaire  [76],  Perkins  LIOIJ, 
Owsjanikow  [100],  Weber  [-136],  Weitlaner  [137,138],  Wielo- 
wiejskl  [140]).  •  There  was  also  some  study  of  the  morphology 
of  the  larvae  and  imagines  (Acloque  [l],  Bongardt  [9],  Hdll- 
rigl  [62L  Knauer  [68].  Maille  [77],  Olivier  [96,97.99], 


ments  and  also  ethological  notes  are  rare,  very  scattered, 
and  often  contradictory,  being  based  only  on  accidental  ob¬ 
servation  or  on  teleological  speculation  (e.g.  Acloque  llj, 
Bongardt  [8,9],  von  Bronaart  [l3],  Czepa  [31,32],  Dieckhoff 
[34],  Emery  [37,38],  HBllrigl  [62J.  Macaire  [76],  Morley 
[94j»  Newport  [95]»‘  Olivier  [96,97^»  Verhoeff  [126], 

[127,129],  Weber  [136],  Weitlaner  [137],  Wielowiejski  [140]). 
Olivier  [96 ] ,  who  in  his  day  brought  out  the  first  oompila- 
tional  works,  writes,  "De  mime,  leurs  moeurs  ont  6t6  egale- 
ment  peu  observdea;  les  documents  relatifs  a  leur  g®nr®  ®® 
vie  et  1  leur  dthologie  font  &  peu  prbs  entierement  defaut 
et,  beauooup  de  genres,  on  ne  connait  que  Iss  indi vidus 

miles, M  ["In  the  same  way  their  habits  have  likewise  been 
little  observed;  documents  dealing  with  their  mode  of  life 
and  their  ethology  are  almost  entirely  lacking,  and  in  many 
genera  we  are  acquainted  only  with  male  specimens.  J  He  ap¬ 
peals  to  the  entomologists  and  holds  out  a  promise  of  rich 
discoveries.  8imilar  statements  were  made  by  Mangold  (1910) 
and  Verhoeff  [126]  and  by  the  Americans  Buok  [23],  Hess  [58], 
Mast  [82],  MoDemott  [84 J,  and  others. 

In  the  narrower  field  of  my  investigations  (sexual 
behavior)  the  non-luropean  literature  (and  in  part  the  south¬ 
ern  European,  as  oonotms  the  frwigjLft  species)  must  be  oon- 
sidered  apart  (of.  Chapter  D  !)•  American  research  into  the 


problem  of  luminescence  has  been  conducted  along  many  lines 
and  is  still  continuing.  The  morphology,  anatomy,  and  histo¬ 
logy  of  the  luminous  organs  of  the  rv-ecies  found  there  have 
been  treated  by  Brown  and  King  [14],  Buck  [23 j »  Geipel  [44 ]» 
Haddon  [5l],  Harvey  [52],  Hess  [58],  and  the  physiology  and 
in  particular  the  biochemistry  of  the  process  of  lumines¬ 
cence  have  so  far  been  studied  almost  solely  by  American 
authors  (Alexander  [3],  Brown  and  King  [14 ] .  Buck  [20,22,23], 
Dubois  [35],  Emerson  [see. Note  l],  Lund  [75],  Malouf  [see 
Note  l],  Snell  [120],  Snyder  [l2l]).  Other  American  works 
concern  themselves  more  or  less  intensively  with  the  biologic¬ 
al  side  of  luminescence  and  its  connection  with  sexual  behav¬ 
ior  (Buck  [19,21],  Hess  [58],  Hutson  [63],  Mast  [82],  McDer¬ 
mott  [83  to  88],  Williams  [see  Note  2]. 

[Note  1]  For  exact  reference  see  Harvey  [55]. 

[Note2j  Williams,  F.X.,  "Notes  on  the  life  History  of  Some  North- 
American  Lampyridae,"  Journal  of  the  New  York  Entomological  Society,  Vol  25, 
1917,  pages  11-33.  This  contribution  was  unfortunately  not  available  to  me. 

For  our  native  lampyridae  there  are  a8  yet  no  experi¬ 
mentally  proved  findings  on  the  significance  of  the  capacity 
of  luminescence  for  the  sexual  behavior,  tyy  studies  have 
therefore  dealt  with  the  following  questions: 

1.  Normal  sexual  behavior  of  Xampyrls  and  Phausis  in 
the  open, 

2.  Qualitative  and  quantitative  analysis  of  the  sexual 
stimuli  of  the  two  species, 

3.  Physical  nature  of  the  light  emitted  by  the  two 
8p0Cl68 | 

4.  Decoy  experiments  with  artificial  sources  of  light, 

5.  Qualities  of  Lamp.vris  and  Phausis  light  that  dis¬ 
tinguish  the  two  species,  and 

6.  Comparison  with  the  differing  mechanisms  of  lumin¬ 
escence  of  the  southern  European  L^oiola  species  and  the 
American  lampyridae  thus  far  known. 

I  also  set  myself  the  task,  not  successfully  attempted 
previously,  of  raising  the  two  native  speoies  of  fireflies 
from  egg  to  imago.  In  the  course  of  my  experimental  studies 
I  was  also  able  to  fill  in  various  gapB  in  our  knowledge  of 
the  developmental  oyole  of  the  animals  and  to  make  unexpected 
observations  on  the  biology  of  the  larvae, 

I  should  like  to  express  hero  ay  profound  gratitude  to  ay  revered 
teacher,  Prof  .Dr.  F.  Schell  er,  for  suggesting  the  subject  end  for  his  tire¬ 
less  readiness  to  help. 

Z  also  thank  Prof  .Dr.  Klslln  for  his  interest  in  the  work  and  for 
providing  the  plaoe  to  wort:. 
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For  repeated  assistance  in  capturing  the  specimens,  and  for  accompany¬ 
ing  and  assisting  me  in  my  nocturnal  capturing  excursions  and  my  experiments 
in  the  open  1  owe  a  debt  of  thanks  to  my  friends  and  colleagues. 

B.  Materials  and  Methods 

Since  of  the  three  native  species  of  fireflies  Phos- 
phaenus  hemipterus  is  extremely  rare,  I  worked  only  with 
Lampyris  noctiluca  and  Phausis  splendidula.  which  I  collected 
chiefly  in  the  area  around  Mainz  and  in  the  vicinity  of  ny 
home  town  of  Hettenleidelheim  on  the  northeast  edge  of  the 
Palatine  forest.  She  animals  could  be  oaptured  only  at  night, 
when  they  glowed,  in  oertain  biotopes.  The  larvae  luminesce 
at  very  capricious  times,  and  for  that  reason  were  especially 
hard  to  find  (often  I  found  only  one  or  two  a  night).  Except 
for  the  winter  months,  however,  they  can  luminesce  almost  the 
year  round.  To  capture  the  larvae  it  is  necessary  to  resort 
to  practices  determined  by  habits  of  luminescence  peculiar 
to  the  species  (cf.  pages  47  ff.  and  Chapter  C  IX  1).  Cap¬ 
ture  of  the  imagines  is  possible  only  during  a  very  brief 
season  of  the  year  and  then  only  from  the  beginning  of  dark¬ 
ness  until  toward  midnight  (two  or  three  hours).  They  often 
show  up  suddenly  in  a  biotope  and  are  quickly  gone  again 
(Chapter  Dll).  Besides  that  the  Lampyris  males,  which 
were  so  important  in  my  experiments,  do  not  visibly  luminesce. 
All  this  may  have  contributed  to  the  previous  lack  of  bio¬ 
logical  studies. 

For  nourishment,  culture  conditions,  and  the  rearing 
of  the  larvae  from  the  egg,  cf.  Chapter  C. 

The  short-lived  imagines  were  kept  in  large  petri 
dishes  (height  12  cm,  diameter  30  cm)  under  largely  natural 
habitat  conditions  (see  Chapter  Cl),  separated  by  sex. 

In  view  of  the  numerous  and  varied  methods  of  study 
employed  in  the  course  of  the  work  it  is  best  to  discuss 
them  separately  in  the  individual  chapters.  In  principle 
all  laboratory  experiments  were  preceded  or  accompanied  by 
extensive  out-of-doors  observations  in  the  natural  environ- 
ment.  All  investigations  were  oarried  out  at  night  or  in 
the  late  evening  hours  — —  unless  otherwise  determined  by  the 
nature  of  the  experiment  — -  in  order  to  do  justice  as  far 
as  possible  to  the  natural  conditions  of  activity  of  the 
animals  (of.  Chapter  C  III  1  and  D  I  1,2). 

C.  Boology,  Developmental  Cyole.  Larval  BlPiME 
I.  Eoology 

A  rapid  glanoe  at  the  brief  remarks  not  uncommonly 
inserted  in  the  literature  oonoeming  the  localities  where 
fireflies  are  found  (Bongardt,  Emery,  Hess,  HBllrigl,  Knauer, 
Maoaire,  Newport,  Terhoeff,  Vogel),  both  European  and  non- 


European  species,  indicates  that  they  live  chiefly  in  damp 
places:  in  wet  meadows,  along  the  banks  of  brooks  and  rivers, 
in  bushes,  at  the  edge  of  woods,  etc.  By  a  comparison  of 
various  biotopes  it  is  our  intention  here  not  only  to  work 
out  their  common  end  their  divergent  characteristics,  but 
more  especially  to  consider  whether  the  two  species  inhabit 
separate  biotopes  or  whether  they  occur  together  and  why. 

1.  Biotope 

Of  the  18  separate  biotopes  that  became  known  to  me, 

12  were  under  constant  observation,  while  I  only  visited  the 
others  occasionally.  These  12  habitats  are  situated  on  areas 
divergent  both  in  landscape  and  in  geology. 

Eleven  are  in  the  immediate  zone  of  influence  of  woods 
or  a  woods-like  environment  (park  grounds,  cemeteries,  patches 
of  woodland  among  the  fields,  and  the  like);  only  one  consists 
of  treeless  and  almost  bushless  terrain,  namely  of  slopes 
covered  with  rank  grass  broken  by  cultivated  ground,  with 
only  scattered  fruit  trees,  blackthorns,  and  dog-rose  bushes 
(biotope  B).  It  is  striking  that  none  of  the  habitats  known 
to  me  shows  even  the  slightest  growth  of  conifers,  but  —  if 
anything  —  deciduous  woods  or  more  or  less  light  bushes. 

Nine  have  direot  contact  with  open  water,  either  standing  or 
flowing;  the  rest  have  such  a  high  groundwater  level  some¬ 
times  that  the  areas  frequently  become  marshy.  A  comparison 
of  the  floristic  inventory  will  give  further  information 
about  the  physioal  appearance  of  their  habitats  and  about 
special  peculiarities  in  their  colonization.  The  following 
biotopes  were  oooupisd  in  August  (1958): 

Biotope  A  (Figure  1) 

In  a  wooded  Talley  beside  a  pond. 

1.  Subsoil i  partly  exposed  sandy  loan  (lower 
Persian  sandstone); 

2.  Soil:  peat,  raw  huaus,  moderate  to  dens4. 
grass  (root)  mat; 

5.  Herb  stratus:  grasses,  ferns,  oxalis, 
eouieetus;  commonly  also  Ruaex  acetosa.  Galium  aoar- 

ififti  Leotuca  spec..  aHUttU-MAli*  VfUCfl  ilflftSl- 
4.  Brushwood  stratus:  predominant:  Rubus 
fmUSMHI  “4  AlASHf .  Populua  nigra.  RoblnU. 
ttiereua  robur.  Fasua  siltatica:  scattered:  Bvonvsua. 
Betula  Tsmicoaa.  Corwins  arellans.  —  The  brushwood 
stratus  is  wary  strongly  narked.  Representatives  of 
the  tree  stratus  occur  only  as  bushes.  The  tree 
stratus  is  thus  leaking. 
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Figure  2. 

Biotope  B  (Figure  2) 

Slopes  in  open  cult! rated  land  near  the  bank  of  a  snail  stream. 

1.  Subsoil:  limestone  and  clayey  toil  of  limestone  content,  covered  with 
a  topsoil  layer. 

2.  Surface  layer:  extremely  thick  mat  of  grama  roots  and  sterna,  with  only 
occasional  patches  of  moss. 

3.  Herb  stratum:  almost  exclusively  grasses  up  to  one  meter  high:  Achil¬ 
lea  millefolium.  Clchoriun  latvbua.  Seneclo  varieties,  ChfflPK&Mfl  vari¬ 

eties. 

4.  Brushwood  and  tram  stratum:  Boss  canine,  fruit  trees  (pear,  apple, 
plum). 

Biotope  C  (Figure  3) 

Zn  the  upper  end  of  a  small  watercourse. 

1.  Subsoil:  variegated  sandstone  and  a  thin 
weathered  layer  of  same,  completely  covered  with  the 
topsoil. 

2.  Surface  layer:  very  thick,  mosao,  5-10  cm 
raw  humus,  dense  mat  of  grass  roots,  etc. 

3.  Herb  stratum  very  weakly  developed  because  of 

extremely  dense  brushwood  stratum.  Predominant: 
grmalaeee,  Juncaoeas,  polypodiacese,  oral is,  teucrlum, 
FrasarU  rates.  acatterad:  Mali-W&k' 

jtoi^nhulerla  spec.,  SUChV  Spec. 

4.  Brushwood  stratum:  dense  stand  about  2  a 

high  of  flyman*  betulus.  with  scattered  £g flit  Bllll* 
tics,  atsrcua  robur.  Corvlua  avail ana.  Alnua.  Bufeit 
fniVT">**  ^frr-  ntifr*-  setula  vtnucQ&A. 

iHVtT.  MMH  rigs  of  the  biotope  a  thick  stand 

about  5*15  a  high  of  opraoe,  pine,  and  fir;  no  marked 
tree  stratum  in  the  biotope  itself. 
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Figure  4. 


Biotope  D  (Figure  4) 

On  a  small  woodland  stream,  downstream  from 
biotope  C. 

1.  Subsoil:  as  in  C. 

2.  Surface  layer:  as  in  C. 

3.  Herb  stratum  as  in  C,  with  the  addition  of 
melilot  (in  abundance),  Plantago  lanceolata.  Taraxa- 
cum  spec.,  Urtlca  dioeca.  Valeriana  off..  Kelaapyrua 
spec. 

4.  Brushwood  stratum:  predominant:  Corvlus 
avellana 


C 


Prunus  avium.  Bryonia  alba.  Fraxlnua  excelsior.  Ainu a. 
Prunua  spjnoaa.  Viburnum.  Acer  pseudoplatanus.  Svonv- 
mus.  Rosa  canlna.  No  tree  stratum. 
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Figure  5. 
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Biotope  E  (Figure  5) 

•  j  Extensive  covert  near  a  wood  and  sur- 

rounded  by  an  artificial  groundwater  lake. 
■??&$$£•!!  1*  Subsoil:  clayey  sand  (so-called 

SJ&j  "luting  sand"),  not  exposed. 

ij*H  2.  Surface  layer:  raw  humus  5-10  cm 

jy*  thick  under  a  stand  of  pedunculate  oak  of 
;  •.'j  bush  height.  Toward  the  edge  of  the  field 
dense  grassroots  and  stalks  fora  a  continu- 
•%iV'  '■  ^  ous  £round  cover;  little  boss. 
kdrr.jUiaJ  3*  Herb  stratum:  in  dense  oak  and 

hedge  terrain,  completely  lacking;  other¬ 
wise  grasses  predominate.  .Scattered: 
melilot.  Plan taro  soec.es.  Stellaria  media. 

MWM  jUralian*  urtlca  dioeca.  SSEEESrBtk- 

iim  1UU  Ml.  silane  Inflate. 

4.  Brushwood  stratum:  predominant:  Quercua 

XSJttC'  flkn.  MM  fraUWWl.  Frame  soinoaa. 

Mil  species;  scattered:  Betula  verrucosa.  The  tree 
stratum  is  ladling. 

Biotope  F  (Figure  6) 

Steep  slope  near  a  pond  in  the  woods. 

1.  Subsoil:  variegated  sandstone  with  a  slight 
veathered  layer,  not  exposed. 

2.  Sirface  stratum:  in  about  equal  proportion r. 
raw  fauns,  s  mat  of  grassroots  and  stalks,  and  ton. 

3.  Herb  stratum:  predominantly  grasses,  helms- 
HZZ3H'  Mm  JalUt  eoatteredi  Plantaro  media. 


graphic  NOT  REPRODUCIBLE 


carota,  melilot,  Achillea  millefolia. 
Kelleboras  foedidua.  Teucrlra  scorodonla. 
Saponarla  offt.  Urtici  dioeca.  Viola  spec., 
Hieraciua  boreale.  Filipendula  ulsaria. 

4.  Brushwood  stratum:  predominant: 
Quercus  robur.  Corvlus  avellana.  Acer 
pseudoplatanus.  Viburnum  lantana.  Rubus 
frutlcosus:  scattered:  Caroinus  betula. 
Cornua  sanguineus.  Evonvmua  eurooaeus. 

Betula  verrucosa.  Rosa  canina.  Populus 
Llguatrum  vulgare.  Promts  rvium. 

Rubus  idaeua.  Crataegus  monogvna.  Frangula 
glburnum  opulua.  Salix  alba.  Tree 
stratum  lacking. 

Continuation  of  biotope  F  about  70-100  m  below  it,  immediately  adjacent  to 
the  bank  of  the  pond,  but  entirely  separated  from  biotope  F. 

1.  Subsoil:  very  humous,  partly  marshy,  loamy  soil. 

2.  Surface  layer:  mosaea  or  in  places  a  thick  layer  of  raw  humus;  grass- 
root  mat  more  toward  the  alope. 

3.  Herb  stratum:  gramineae,  juncaceae,  Ruaex  acetosa. 

4.  Brushwood  stratum:  Rubus  frutlcosus.  Corylus  avellana. 

5.  Tree  stratum:  predominating:  Alnus.  Populus  nigra:  in  addition,  Carpinua 
betulua.  Fagus  allvatica.  Quercua  robur.  Betula  verrucosa.  Salix  species. 

This  description  of  seven  isolated  habitats  shows  that 
the  tree  stratum  may  be  lacking  when  a  well-developed  brushwood 
stratum  is  present  that  affords  adequate  protection  against 
strong  sunshine  and  drying  out.  The  photographs  were  all  taken 
between  12:00  noon  and  1:00  p.m.,  when  the  sun  was  at  its  high¬ 
est,  and  in  clear,  mum y  weather,  in  order  to  demonstrate  the 
distribution  of  light  and  shade  and  the  extent  to  which  the  ef¬ 
fect  of  sunshine  is  exoluded.  The  photographs  also  show  that 
the  areas  are  more  or  less  readily  accessible  (through  paths, 
broad  game  trails,  small  clearings,  and  the  like).  This  cir¬ 
cumstance  seems  to  me  to  be  characteristic  of  all  firefly  habi¬ 
tats,  since  all  the  specimens  1  was  able  to  find,  of  whatever 
stage  of  development,  were  in  open  areas  or  in  the  edges  of 
denser  growth,  not  more  than  two  or  three  meters  into  the 
thicket  at  most.  This  is  attributable  to  the  fact  that  the 
snails  that  serve  as  food  for  the  larvae  of  both  species 
(Chapter  C  IXZ  2)  are  dependent  on  the  marginal  and  the  more 
open  areas,  which  because  of  conditions  of  light  are  covered 
with  a  heavier  herb  Stratum,  and  also  that  the  imagines  — 
both  the  male  for  flying  and  the  female  as  a  site  for  showing 
an  attractive  light  —  prefer  open  terrain  (of.  appetency). 

Of  the  twelve  biotopes  that  were  constantly  under  ob- 
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Figure  7. 


Biotope  G  (Figure  7) 


servation,  seven  of  which  were  chosen  for  description  here, 
nine  were  inhabited  jointly  by  Lampyris  and  Phausis.  This 
finding  is  all  the  more  surprising  in  view  of  the  fact  that 
in  the  literature  with  which  I  am  acquainted  no  observation 
is  to  be  found  concerning  the  simultaneous  occurrence  of  the 
two  species  in  the  same  biotope.  But  the  fact  ia  also  remark¬ 
able  for  the  reason  that  where  the  imagines  of  the  two  species 
appear  at  the  same  time  (Chapter  C  II  2)  there  could  be  com¬ 
plications  in  finding  the  sexes,  since  the  sexually  mature 
animals  (except  for  Lampyris  males),  the  larvae,  and  the  pupae 
of  both  species  luminesce.  This  question  did  in  fact  play  a 
big  part  in  my  later  experiments  concerning  the  sexual  behavi¬ 
or.  Biotopes  C  and  0  are  among  the  three  places  where  only 
Phausis  splendldula  occurs.  The  close  connection  with  open 
water  or  ground  water  is  suggested  not  only  topographically, 
but  also  by  the  stock  of  decidedly  hydrophilous  plants  (sphag¬ 
num,  rushes,  horsetail,  ferns,  cyperaceae,  salix,  alder), 
which  in  the  other  biotopes  are  less  conspicuous  or  entirely 
lacking  or  are  represented  by  plants  less  adapted  to  the  water. 
These  relationships  are  clearly  shown  by  the  neighboring  bio¬ 
topes  C  and  D  and  by  F  and  G. 

A  little  watercourse  connects  biotopes  C  and  D,  but  on 
the  way  from  the  source  area  (biotope  C)  to  biotope  D  with  a 
high  groundwater  level  (depression  in  the  terrain)  flows 
through  a  typical  sandy  Cicindela  habitat  (at  about  800  m) 
that  effects  a  sharp  separation  of  the  two  biotopes.  The 
head  of  the  valley  (biotope  C)  opens  to  the  north  and  is  sur¬ 
rounded  on  all  sides  by  high  spruces  and  birches  which  shade 
the  biotope  proper  even  when  the  sun  is  high.  (The  dew  re¬ 
mains  on  hot  days  until  the  afternoon  hours.)  Biotope  D  on  the 
other  hand  ia  exposed  to  diffuse  sunlight  at  various  hours  of 
the  dayj  plants  appear  that  demand  less  moisture  but  more 
light,  such  as  melilot,  plantago,  dandelion,  stinging  nettle, 
melampyrum;  the  brushwood  is  more  open  and  the  ground  less 
damp.  The  same  striking  peculiarities  are  shown  by  the 
higher,  drier  biotope  ?  (north  slope  of  the  hill)  in  compari¬ 
son  with  the  damp  biotope  G  which  is  exposed  to  the  pond  on 
the  north.  Coniferous  forest  always  forms  a  strict  boundary, 
as  is  shown  by  C,  F,  and  G.  The  separation  between  F  and  G 
and  between  two  other  biotopes  innabited  by  both  species  30  m 
above  F  is  formed  in  each  case  by  a  dense  mixed  crop  of  spruce 
and  pine  of  70-100  m  and  30  m  in  width  respectively.  This 
forms  such  a  definite  boundary  tnat  of  some  150  gh»usis  larvae 
and.  "50  Phausis  females  caugnt  there  I  did  not  find  even  a 
single  specimen  within  the  sharply  defined  area  oovered  by 
unbroken  pinestraw.  (The  more  mobile  males  occasionally  do 
fly  into  the  ooniferous  plantation.). 
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She  area  of  the  biotopes  varies  greatly,  in  those  with 
which  I  am  acquainted  from  a  few  square  meters  (biotope  D 
about  60  square  meters)  to  several  thousand. 

2.  Habitat 

I  found  most  of  the  many  hundred  larvae  of  the  two 
species  in  the  ground  stratum,  which  is  their  real  habitat, 
to  a  greater  extent  for  Phausis  than  for  Lampyris .  ■'■he  larvae 
of  which  are  occasionally  found  in  the  herb  stratum  up  to  a 
meter  from  the  ground  in  search  of  prey.  Shis  is  not  parti¬ 
cularly  surprising,  since  it  is  precisely  here  that  the  best 
cover  is  to  be  found,  where  it  can  be  shown  that  even  on  hot 
days  the  relative  humidity  does  not  drop  below  80%  at  any 
time  of  day,  where  no  direct  sunlight  reaches,  where  the  ex¬ 
tremes  of  the  microclima  are  largely  leveled  out,  and  where 
—  last  but  not  least  —  the  prey  is  to  be  found.  Moreover 
the  annual  defoliation  provides  a  cover  for  protection  and 
wintering  that  offers  good  insulation  and  is  readily  acces¬ 
sible  to  the  ground  insects,  which  are  relatively  slow  and 
not  adapted  to  burrowing.  Shat  they  are  so  much  bound  to  the 
ground  stratum  is  the  more  striking  in  view  of  the  fact  that 
they  are  well  equipped  to  climb  with  sharp  claws  and  pygo- 
podium  (they  can  even  climb  up  unpolished  glass  surfaces  if 
•these  are  a  little  inclined  from  the  vertical). 

In  order  to  determine  the  place  of  abode  during  the 
day  in  the  open,  soil  samples  up  to  20  cm  in  depth  were 
systematically  studied  by  digging  out  and  spreading  the 
crumbled  material  on  a  white  cloth,  and  it  was  found  that 
the  larvae  of  both  species  in  open  terrain  stayed  exclusively 
in  more  or  less  loose  soil  material  (humus,  raw  humus,  grass 
mat,  moss),  retiring  not  at  all  or  only  occasionally  during 
the  day  into  the  actual  topsoil  itself.  (Cf.  wintering, 
Chapter  C  III  la',)  Because  of  its  slowness  and  tediousness 
this  method  is  unsuitable  for  determining  the  density  of  the 
population  even  when  the  population  is  relatively  dense, 
since  too  great  areas  would  have  to  be  studied  with  pains¬ 
taking  exactness  for  that.  In  general  it  may  be  said  that 
the  density  of  population  decreases  with  increasing  size  of 
the  biotope.  For  a  study  of  the  density  of  population  see 
the  findings  on  rate  of  multiplication  and  the  like  under 
Chapter  CII  3.  The  next  chapter  gives  further  information 
concerning  the  relation  to  the  ground  stratum. 


3.  Ecological  Factors 

My  plan  was  first  to  study  the  optimal  or  preferred 
conditions  of  the  natural  environment.  The  result  could 
then  be  taken  into  aocount  in  laboratory  experimentation, 
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so  as  to  ensure  as  natural  as  possible  behavior  of  the  ani¬ 
mals.  In  addition  study  of  the  ecological  factors  would  help 
to  make  possible  successful  growing  of  my  animals  without 
too  great  losses,  and  since  this  chapter  supplements  other 
biological  observations,  it  was  left  in  the  biological  and 
ecological  section. 

For  the  investigation  of  decisive  factors  experiments 
on  the. choice  of  "micro-"  habitats  were  carried  out,  the 
preferences  determined  in  moisture,  brightness,  and  tempera¬ 
ture  gradients,  and  laboratory  and  outdoor  observations  re¬ 
sorted  to  on  phototaxis  and  scototaxis. 

The  following  observations  are  to  be  considered  as 
preliminary  experiments  on  the  complex  problem  of  ecological 
factors . 

Experiments  on  Choice  of  Habitat 

Phauais  larvae  were  kept  temporarily  in  a  petri  dish  (diameter  15 
cm) .  About  half  the  dish  was  covered  with  moist  red  sand  (soil  from  various 
natural  biotopes)  and  the  other  half  with  raw  humus.  It  was  found  that  the 
larvae  sought  the  surface  of  the  humus  half,  not  only  at  night  but  also  by 
day  (at  about  400  lx  of  diffuse  daylight);  this  thus  rules  out  interpreta¬ 
tion  of  their  behavior  as  a  acototactic  reaction  (relatively  lighter  sand 
as  against  darker  humus).  This  observation  led  me  to  further  experiments: 
Larvae  of  the  two  species  (30  Lampyris.  40  Phausis)  were  put  into  a  petri 
dish  (20  cm  in  diameter  and  10  cm  high)  in  artificial  microhabitats  in  a  nor¬ 
mal  day-and-night  cycle  (night  from  6:00  p.m.  to  8:00  a.m. ;  day  ■  max.  500 
lx),  with  the  bottom  of  the  petri  dishes  covered  as  follows  (always  with  about 
10096  relative  humidity  and  an  average  of  15-17°  C) : 

1.  One  half  sand  (variegated  sandstone  sand),  one  half  leaf  litter 
over  sand  (Table  1,  Figure  8). 

2.  One  half  sand  (variegated  sandstone  sand),  one  half  raw  humus 
over  sand  (Table  2,  Figure  9). 

3.  One  half  sand,  one  half  cultivated  soil  (loamy  soil  of  limestone 
content)  (Table  3,  Figure  10). 

4.  One  half  cultivated  soil,  one  half  leaf  litter  over  cultivated 
soil  (used  only  for  Phausis.  Table  4,  Figure  Ha). 

5.  One  half  cultivated  soil,  one  half  raw  humus  over  cultivated  soil 
(used  only  for  Phausis.  Table  5»  Figure  lib). 

6.  One  quarter  sand,  one  quarter  cultivated  soil,  one  quarter  leaf 
litter,  one  quarter  raw  humus  (Table  6,  Figures  12a  and  12b). 

7.  One  quarter  sand,  one  quarter  cultivated  eoil,  one  quarter  leaf 
litter,  one  quarter  pinestrav. (Table  7,  Figures  13a,  13b)* 


Table  1.  l/2  sand,  l/2  leaf  litter. 


Lamuvris  (30  individuals)  Phausis  (40  individuals) 

Time  Sand  leaves  Time  Sand  leaves 


14  s  00 

placed  on  sand 

- 

17:00 

1 

29 

19:00 

4 

26 

24:00 

7 

23 

5:00 

3 

27 

10:00 

2 

28 

15:00 

0 

30 

20:00 

3 

27 

1:00 

6:00 

11:00 

12:00 

put  back  on  sand' 

13:00 

3 

27 

16:00 

2 

28 

19:00 

3 

27 

23:00 

1 

29 

4:00 

3 

27 

9:00 

2 

28 

14:00 

2 

28 

14:00 

placed  at  dividing 

17:00 

12 

28 

19:00 

10 

30 

24:00 

10 

30 

5:00 

4 

36 

10:00 

2 

38 

15:00 

2 

38 

18:00 

11 

29 

20:00 

8 

32 

1:00 

4 

36 

6:00 

1 

39 

11:00 

1 

39 

12:00 

put  back  on  sand 

17:00 

39 

1 

22:00 

10 

30 

3:00 

4 

36 

8:00 

2 

after  two  days 

38 

11:00 

0 

40 

14:00 

0 

40 

Figure  8.  Choice  between  sand  and  leaf  litter.  Lampyris  xxx,  Phausis  ooo; 

■  beginning  of  experiment  and  reaetting  of  the  insects, 
a)  number  of  insects  on  leaves;  b)  number  of  insects  on  sand;  c)  frampMTlfl 
placed  on  sand,  Phauais  at  the  dividing  line;  d)  all  insects  put  back  on 
sand;  e)  time  of  day. 

These  aicrohabitate  were  checked  every  five  hours  after  it  had  been 
found  that  shorter  intervals  did  not  change  the  results.  Exceptions  were 
made  in  order  to  demonstrate  speclfio  effects  in  the  behavior  of  the  insects 
(of.  in  the  tables  the  time  check  in  the  evening  and  morning  hours). 
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Table  2.  l/2  sand,  l/2  raw  humus. 


Lampyria  (30  individuals)  Phausis  (40  individuals) 

Time  Sand  Humus  Time  Sand  Humus 


14:00 

placed  on  sand 

14 

00 

placed  at 

dividing 

15:00 

24 

6 

18 

00 

8 

32 

17:00 

23 

7 

23 

00 

12 

28 

19:00 

27 

5 

4 

00 

16 

24 

24:00 

22 

8 

9 

00 

17 

23 

5:00 

18 

12 

14 

00 

12 

28 

10:00 

23 

7 

19 

00 

11 

29 

10:00 

moved  to  humus 

24 

00 

3 

37 

15:00 

17 

13 

5 

00 

4 

36 

17:00 

17 

13 

10 

00 

2 

38 

20:00 

18 

12 

13 

00 

1 

39 

1:00 

23 

7 

13 

00 

put  back 

on  sand' 

6:00 

21 

9 

18 

00 

8 

32 

9:00 

12 

18 

23 

00 

0 

40 

after  two  days 

4 

00 

4 

36 

11:00 

19 

11 

9 

00 

2 

38 

14:00 

15 

15 

14 

CO 

2 

38 

19 

00 

7 

33 

24 

00 

4 

36 

5 

00 

8 

32 

10 

00 

7 

33 

after ‘two  days 

13:00 

2 

38 

Figure  9.  Choice  between  sand  and  raw  humus.  Symbol*  as  in  Figure  8. 
a)  no.  of  insects  on  humus;  b)  no.  of  insects  on  sand;  c)  jjSfflpyirtft  placed 
on  sand,  Phausis  at  the  dividing  line;  d)  Lampyria  put  baok  on  humus; 
e)  Phausis  put  on  sand;  f)  time  of  day. 

The  larvae  of  both  species  always  seek  out  the  environ¬ 
ment  with  the  greatest  degree  of  cover.  It  is  nevertheless 
striking  that  the  lAmnvria  larvae  have  lees  preference  for 
raw  humus  than  §sn5,  while  the  larvae,  as  expected , 
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Table  3.  l/2  sand,  i/2  cultivated  soil. 


Lamp.vris  (30  individuals)  Phausls  (40  individuals) 

Time  Sand  Cultivated  Soil  Time  Sand  Cultiv.  Soil 


14:00 

placed  at  dividing  line 

18:00 

20 

10 

23:00 

23 

7 

4:00 

27 

3 

9:00 

28 

2 

14:00 

26 

4 

19:00 

26 

4 

24:00 

23 

7 

2:00 

19 

11 

5:00 

20 

10  ' 

10:00 

27 

3 

14:00 

25 

5 

14:00 

placed  on  cultiv.  soil 

19:00 

21 

9 

24:00 

23 

7 

5:00 

27 

3 

10:00 

26 

4 

15:00 

24 

6 

14:00  placed  at  dividing  line 
17:00  motionless  at  the  same 
place,  some  still  on 


18:00 

their  backs 
20 

20 

19:00 

20 

20 

24:00 

8 

32 

5:00 

1 

39 

10:00 

1 

39 

15:00 

2 

38 

19:00 

11 

29 

20:00 

5 

35 

1:00 

0 

40 

6:00 

1 

39 

11:00 

1 

39 

15:00 

1 

39 

Figure  10.  Choice  between  sand  and  loamy  soil.  Symbols  as  in  Figure  8. 
a)  number  of  insects  on  sand;  b)  number  of  insects  on  loamy  soil;  c)  both 
species  placed  at  the  diriding  line;  d)  time  of  day. 


give  the  preference  quite  decidedly  to  the  raw  humus.  An 
equally  different  behavior  of  the  two  larvae  is  shown  in  the 
choice  between  sandy  soil  and  loamy  soil  of  limestone  content 
(in  the  table  -  cultivated  soil),  Phausii  preferring  the 
loamy  soil,  T^mnvria  the  sand.  That  £&m|gia  also  prefers 
leaves  or  humus  to  loamy  soil  is  shown  by  Table  4-5  and  Pig. 
11.  In  the  experiments  with  four  choices  the  dear  prefer¬ 
ence  for  leaf  litter  is  evident  in  all  oases.  The  number* of 
insects  in  the  other  parte  is  usually  considerably  below  20{6 
except  during  the  evening  and  night  hours.  This  difference 
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Table  4-5.  l/2  cultivated  soil,  l/2  leaf  litter  (left  column) 
or  raw  humus  litter  (right  column).  Phausia  (40)  in  each  case. 


Time 


Cultivated 
_ Soil _ 


Leaves 


Time 


Cultivated 

Soil 


Humus 


14:00 

placed  at  dividing  line 

17:00 

4 

36 

19:00 

6 

34 

24:00 

5 

35 

5:00 

1 

39 

10:00 

1 

39 

15:00 

1 

39 

18:00 

12 

28 

20:00 

7 

33 

1:00 

0 

40 

6:00 

0 

40 

11:00 

0 

40 

12:00  moved  to  cultivated  soil 


14:00  placed  at  dividing  line 


13:00 

1 

39 

23:00 

8 

32 

4:00 

15 

25 

9:00 

15 

25 

14:00 

14 

26 

19:00 

9_ 

31 

24:00 

0 

40 

5:00 

3 

37 

10:00 

2 

38 

13:00 

2 

38 

13:00 

moved  to 

cultiv.  soil 

18:00 

7 

33 

17:00 

38 

-2 

22:00 

14 

26 

3:00 

6 

34 

8:00 

3 

after  two  days 

37 

11:00 

3 

37 

14:00 

3 

37 

23:00 

3 

37 

4:00 

6 

34 

9:00 

4 

36 

14:00 

4 

36 

19:00 

16 

24 

24:00 

11 

29 

5:00 

8 

32 

10:00 

7 

33 

after  two  days 
13:00  1  39 


Figure  11a, b.  Choice  between  hums  and  loaay  soil  (broken  line)  and  between 
leaf  litter  and  loaay  soil  (solid  line),  a)  number  of  insects  on  huaua  and 
leaves  respectively:  b)  number  of  insects  on  loaay  soil;  c)  animals  placed 
along  the  dividing  line;  d)  moved  to  loaay  soil;  e)  tine  of  day. 


between  day  and  night  is  also  clearly  shown  in  the  course  of 
the  "leaflitter  ourve."  The  leaf  litter  thus  evidently 
serves  as  the  sole  refuge  during  the  day.  Only  at  night  ia 
this  area  deaerted  for  the  search  for  prey  (not  only  in  ex- 


Table  6.  1/4  each:  sand,  cultivated  soil,  leaf  litter,  raw  humus 


_ Unipyrli 

(30  individuals) _ 

P  h  a  u 

sis 

(40  individuals) 

Cultivated  Leaf 

Cultivated  Leaf 

Time  Sand 

Raw  Humus 

Time  Sand 

r  j  ^  Raw  Euaus 

_ Soil 

Litter 

_ Soil 

Litter 

15:00  put  in  at  the  boundary  point 

15:00  put  in  at 

the  boundary  point 

17:00  3 

2 

25 

— 

20:00  9 

3 

16  12 

23:00  15 

— 

14 

1 

1:00  2 

10 

24  4 

8:00  16 

2 

11 

1 

6:00  3 

7 

15  15 

9:00  2 

— 

27 

1 

11:00  — 

6 

29  5 

14:00  1 

— 

28 

1 

17:00  — 

5 

32  3 

19:00  1 

— 

29 

— 

21:00  2 

5 

29  5 

24:00  1 

1 

28 

— 

2:00  2 

7 

22  9 

5 .00  1 

2 

25 

2 

7:00  1 

5 

29  5 

10:00  2 

1 

25 

2 

12:00  1 

3 

29  7 

after  four  reeks 

12:00  replaced  ae  at  the  beginning 

10:00  1 

1 

24 

1 

17:00  4 

1 

4  4 

15:00  — 

1 

29 

— 

(27  larvae 

atill  at  center) 

19:00  2 

1 

26 

1 

22:00  2 

3 

18  17 

23:00  — 

3 

22 

5 

3:00  — 

16 

13  11 

9:00  2 

27 

1 

8:00  — 

7 

21  12 

9:00  replaced  as  at  the  beginning 

13:00  — 

7 

21  12 

(only  25  larvae) 

18:00  — 

7 

21  12 

10:00  3 

— 

15 

7 

23:00  1 

18 

18  3 

15:00  — 

— 

23 

2 

4:00  — 

7 

23  10 

20:00  1 

3 

20 

1 

9:00  — 

7 

23  10 

1:00  1 

1 

19 

4 

14:00  — 

7 

23  10 

6:00  2 

2 

20 

1 

19:00  1 

10 

a  8 

11:00  2 

__ 

21 

2 

24:00  3 

3 

24  10 

16:00  — 

2 

a 

2 

8:00  — 

1 

36  3 

21:00  — 

1 

22 

2 

after  two  dare 

2:00  2 

1 

22 

7:00  2 

1 

22 

— 

11:00  — 

4 

35  1 

12:00  2 

— 

22 

1 

12:00  replaoed  as 

at  the  beginning 

13:00  1 

— 

24 

— 

17:00  — 

— 

25 

— 

22:00  1 

3 

19 

2 

3:00  4 

3 

16 

2 

8:00  3 

2 

19 

1 

13:00  — 

— 

24 

1 

perimenta  but  alto  in  suitable  oases  in  nature,  e.g.  whan  a 
road  runn  through  a  biotopa  and  tha  like).  Questions  of  the 
rhythm  of  aotlvlty  are  dealt  with  in  a  chapter  to  themselves, 
let  us  msrtly  mention  at  this  point  hov  very  much  the  Ph&uala 
larvae  differ  from  the  t.*«twi>ia  larvae  with  respect  to  their 
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Figure  12a.  Choice  of  Larapyria  larvae  (for  sand  . ,  for  loamy  soil  — — , 

for  leaf  litter - ,  for  raw  humus  — — a)  number  of  larvae;  b)  aet  at 

the  focal  point;  c)  aet  back  at  the  focal  point  (after  4  weeks);  d)  time  of 
day. 


Figure  12b.  Choice  of  larvae.  Rotation  name  aa  for  Figure  12a. 
a)  number  of  larvae;  b)  aet  at  the  focal  point;  c)  aet  beck  at  the  focal 
point;  d)  27  larvae  etill  at  focal  point;  e)  time  of  day. 


activity  ( Ph&uala  in  the  daytime  especially J ) .  —  She  prefer¬ 
ence  for  leaf  litter  can  be  aeen  in  nature  from  the  mere  faot 
that  the  larvae  of  both  apeolea  live  exclusively  under  leaf- 
bear  in*  buahea  and  trees.  It  should  be  mentioned  here  that 
for  each  experimental  arrangement 

several  times  for  several  days  at  a  «ime.  Table*  a-?  are  in¬ 
tended  to  dsmonatrats  that  and  the  graphs  (Figures  8-13)  to 
make  it  possible  to  compare  the  results  for  the  two  species 
Utt«r,  th»  nu»b«r  of  iSiritaol.  bolac  rota ood  thoro  to  pop- 
oentages. 
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Table  7»  l/4  each:  sand,  cultivated  soil,  leaf  litter,  pinestrav. 


L  a 

m  d  v  r  i  s 

(25  individuals)  1 

P  h 

a  u 

s  i  s  (40  individuals) 

Time  Sand 

Cultivated  Leaf 

Pinestrav 

Tim.  Suid  Cultlv*“d 

. Pinestrav 

hitter 

20:00 

put  in  at  the  boundary  point 

20:00 

put  in  at  the  boundary  point 

22:00 

2 

2 

17 

4 

22:00 

5 

9 

19 

7 

1:00 

1 

4 

17 

3 

1:00 

3 

9 

22 

6 

6:00 

1 

2 

19 

3 

6:00 

3 

T 

✓ 

31 

3 

11:00 

1 

2 

20 

2 

11:00 

2 

2 

34 

2 

16:00 

— 

2 

22 

1 

16:00 

1 

1 

35 

3 

19:00 

2 

1 

19 

3 

19:00 

3 

7 

21 

9 

23:00 

2 

2 

18 

3 

23:00 

— 

7 

22 

11 

4:00 

— 

2 

20 

3 

4:00 

1 

3 

31 

5 

9:00 

— 

— 

21 

4 

9:00 

— 

3 

33 

4 

14:00 

— 

1 

23 

1 

14:00 

— 

3 

33 

4 

14:00 

3 

1 

• 

t 

at  tha  beginning 

14:00 

replaced  as  at  the  beginning 

15:30 

— 

3 

21 

1 

15:30 

all 

still  at 

the  center. 

some 

still  on  their  backs 

18:00 

all 

still  at 

the  center. 

in 

nomal  posture 

19:00 

4 

2 

15 

4 

19:00 

11 

11 

11 

7 

24:00 

3 

22 

— 

24:X 

— 

13 

17 

10 

5:00 

1 

1 

20 

3 

5:00 

1 

— 

35 

4 

10:00 

1 

2 

22 

— 

10:00 

— 

— 

37 

3 

15:00 

2 

— 

23 

— 

15:00 

— 

— 

37 

3 

20:00 

— 

2 

20 

3 

20:00 

9 

8 

16 

7 

1:00 

1 

1 

21 

2 

1:00 

2 

33 

5 

6:00 

3 

21 

1 

6:00 

1 

2 

34 

3 

10:00 

2 

2 

20 

1 

10:00 

2 

— 

37 

1 

after  eight  days 

after  eight  days 

14:00 

— 

— 

25 

— 

14:00 

— 

4 

29 

7 

pig.  15a.  Choice  of  the  larvae  (for  aaad . ,  loeef  soil 

loaf  litter  ■  «  pinestrav  — — a}  no.  of  larvae;  b)  set  at  fooal 
point;  c)  roast  at  fooal  point;  4)  tins  of  day. 
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Pigur*  13b.  Choice  of  the  Phans! 3  larvae.  flotation  aa  fnr  Figure  13*. 
a)  nunber  of  larvae;  b)  placed  at  the  focal  point;  c)  aet  back  at  the  focal 
point;  d)  all  larvae  still  at  the  focal  point;  e)  time  of  day. 


To  determine  the  preference  in  the  humidity  gradient, 
a  humidity  gradient  of  nearly  100-0*  wa m produced  in  the  usual 
way  by  means  of  salt  solutions:  H20  100*.  K2SO4  ?6li0QT! 

UaCl  72-76.5*.  CaCl2  35*.  ZnClp  10-20*.  P2O5  (dry)  0*  relative 
humidity.  Immediately  above  the  vessels  was  a  runway  of  net¬ 
ting;  the  whole  apparatus  was  hermetically  sealed  (Tigure  14). 


tlfure  14.  Humidity  gradient.  Explanation  in  the  text. 

faults  for  Larvae  (Table  8) 

Temperature :  20°  C 

Lightings  complete  darkness 

Sumberof  larvae:  15  (of  various  ages  and  varying 
physiological  state) 

Observation:  hourly  _  .  - « 

The  larvae  were  put  into  the  apparatus  ovar  ths  ?2°5‘ 
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Results  for  Phausls  Larvae  (Table  9) 

All  experimental  conditions  same  as  for  Lamp vr is 

Table  d. _  _ _ 


Hours  from  Be¬ 
ginning  of  the 
Experiment 

P2o5 

ZnCl2 

CaCl2 

NaCl  k2S04 

h2o 

1. 

2 

- 

- 

3 

10 

2. 

- 

- 

- 

1 

10. 

4 

3. 

- 

- 

- 

12 

3 

4. 

- 

- 

- 

12 

3 

5. 

- 

- 

- 

12 

3 

6. 

- 

- 

- 

12 

3 

7. 

- 

- 

- 

12 

3 

8. 

- 

- 

- 

12 

3 

9. 

- 

- 

- 

12 

3 

• 

o 

H 

- 

- 

- 

12 

3 

11. 

- 

- 

- 

12 

3 

12. 

13. 

set  back  over 

the 

12 

3 

14. 

1 

5 

7 

1 

1 

- 

15. 

- 

- 

5 

6 

4 

- 

16. 

- 

- 

3 

6 

5 

1 

17. 

- 

1 

2 

6 

5 

1 

18. 

- 

- 

1 

6 

7 

1 

19. 

- 

- 

2 

5 

7 

1 

20. 

- 

- 

2 

4 

8 

1 

21. 

- 

- 

2 

4 

8 

1 

22. 

- 

- 

2 

4 

8 

1 

23. 

**• 

- 

2 

4 

8 

1 

The  two  tables  and  Figures  15a  and  15b  show  a  very 
definite  irreversible  preference  for  relative  humidities  be¬ 
tween  80  and  100JS.  The  Phausis  larvae,  otherwise  more  slug¬ 
gish  (of.  akinesia  and  locomotion,  Chapter  E  I),  react  con¬ 
siderably  more  quickly  and  sharply  here  than  the  Lampyrls 
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larvae.  While  the  Phausis  larvae,  whose  natural  biotope  is 
more  humid,  do  not  prefer  the  most  humid -chamber*  they  give 
all  the  more  decided  preference  to  the  KoSQa  chamber  with 
about  96-10056.  * 


Figure  15.  Behavior  in  the  humidity  gradient:  Lamnvris  (a),  Phausis  (b). 

_  Results  17  hours  after  beginning  of  the  experiment;  • » • •  results 

after  the  larvae  were  set  back  at  0$  relative  humidity  (P2O5)  after  12  hours. 
Scale  at  left:  number  of  larvae;  scale  at  right  (of  each  graph):  relative 
humidity. 

If  water  is  dripped  into  a  dried-out  cultivation  dish, 
the  larvae  are  quickly  oriented  and  run  to  the  moist  spot. 

The  hydrokinesis  is  shown  by  the  following  experiments:  The 
larvae  (Lampyrls)  were  kept  for  a  few  days  beforehand  at  about 
70-80 56  relative  humidity  and  without  an  opportunity  to  take  in 
water  and  then  put  into  a  petri  dish  2  cm  deep  and  15  cm  in 
diameter;  this  was  covered  with  a  dark  handkerchief  and  light¬ 
ed  with  a  weak,  diffuse  overhead  light  (about  50  lx).  The 
bottom  was  covered  with  sand  dry  as  dust.  At  one  end  of  the 
dish  a  little  water  was  dripped  in  until  half  the  dish  was 
moistened,  with  a  slight  discoloration  of  the  sand  (red  sand). 
At  the  place  where  the  water  was  dripped  in  a  drop  of  water 
was  placed  on  the  glass  wall  1/2  cm  from  the  bottom  for  drink¬ 
ing  (see  pages  60  ff.),  as  the  point  of  highest  water  concen¬ 
tration  so  to  speak.  All  five  larvae  not  only  reached  the 
moist  zone  but  stayed  in  it  most  of  the  time  for  hours. 

The  first  one  reached  the  moist  zone  after  5  minutes,  the  last 
after  12  minutes;  the  water  drop  was  used  by  three  larvae  for 
drinking  (the  animals  were  naturally  not  all  in  the  same  phy¬ 
siological  state).  When  they  occasionally  got  into  the  dry 
zone  they  often  turned  around  immediately  and  not  infrequently 
went  back  to  the  drop  of  water  to  drink.  The  attempt  to  climb 
up  the  glass  wall  was  made  only  in  the  dry  part. 
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Fig.  16.  P  »  starting 
point  for  both  larvae; 
W  -  drop  of  water; 
“♦attempt  to  climb  up 
the  glass  wall. 


Figure  16  shows  the  paths  traced 
by  two  of  the  larvae. 

In  cultivation  dishes  that  are 
drying  out  there  is  a  fast  drop  in  body 
volume,  both  in  the  longitudinal  bad 
in  the  dorsiventral  axis.  In  order 
to  demonstrate  the  effect  of  the 
drying  environment  more  precisely, 
larvae  of  Lamp yr is  and  Phausis  were 
put  into  an  atmosphere  of  45-48/i 
relative  atmospheric  humidity  at 
17-18°  C  and  their  water  loss  deter¬ 
mined  hourly  by  decline  in  weight  on 
the  analytical  scales.  For  compari¬ 
son  a  freshly  killed  larva  was 
weighed  in  each  case. 

The  results  are  shown  in  Figures 
17a  and  17b.  The  body  weight  de- 


Figure  17a.  Decrease  in  body  vsight  at  45-4§4  relative  atmospheric  humidi¬ 
ty  and  17-18°  C(Umpvria).  1-5  individual  larvae,  ♦  ♦  ♦  comparison  fig¬ 
ures  for  a  killed  larva,  •  death  of  the  subject,  a)  body  weight  in  J* 
(weight  at  beginning  of  experiment  ■  100,4) ;  b)  time  in  hours. 


creases  continuously  down  to  a  certain  percentage;  the 
curve  then  runs  asymptotically  to  the  abscissa  down  to  the 
constant  weight  of  the  air-dried  body.  Death  occurs  in 
Ph&uaia  between  the  sixth  and  seventh  hours  after  the_  be¬ 
ginning  0f  the  experiment,  in  lampyria  very  irregularly 
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i  i  s  s  u  7  s  j  Biteuhsuffa* 

.  '*  *>  -C  (jp  Itif  in  Jhmten 

Figure  17b.  Decrease  in  body  weight  at  45-4§#  relative  atmospheric  humidity 
and  17-18°  C  (Phausls) .  1-3  individual  larvae,  4  averages  for  five  larvae; 
other  signs  as  in  Figure  17a.  a)  body  weight  in  %  (weight  at  beginning  of 
experiment  -  100$;  b)  time  in  hours. 

or  not  at  all  (of.  curve  3*  Figure  17a,  and  drinking,  pages 
60  ff)*  If  we  compare  the  curves  for  the  experimental  sub¬ 
jects  with  those  of  the  killed  test  animals,  we  find  that  in 
Phausls  all  the  curves  follow  very  closely  the  curve  of  the 
killed  animals,  and  in  fact  almost  coincide  with  it;  in  the 
case  of  Lamnvrls  that  is  true  only  of  curve  1,  while  curves 
2-5  run  much  flatter.  Shis  circumstance  suggests  that  Phau- 
sia  larvae  lack  any  regulatory  mechanism  against  drying  out, 
out  that  Lamnvris  larvae  can  protect  themselves  moderately 
against  drying  out.  That  is  also  the  only  way  to  explain  the 
fact  that  one  larva  was  able  to  survive.  This  curve  3  shows 
repeated  sudden  drops  with  temporary  constancy  of  body  weight. 
The  oourse  of  ourve  1,  Figure  17a  (Lampyris),  which  nearly 
coincides  with  that  of  the  killed  animal,  may  perhaps  be  at¬ 
tributed  to  the  larva's  having  been  seriously  injured  for 
some  reason.  That  would  also  explain  the  relatively  early 
death  (after  the  fifth  hour). 

In  the  oourse  of  this  investigation  characteristic 
variations  in  behavior  occurred  which  were  repeated  in  all 
the  individual  larvae.  Both  speoles  appeared  surprisingly 
aotive  within  the  first  hour;  akinesia,  which  can  last  for 
hours  in  Phausls  larvae,  was  reduced  to  a  few  seconds  and 
later  did  not  occur  at  all.  After  about  four  hours  neither 
speoles  of  larva  showed  any  more  coordinated  locomotive  move¬ 
ments  (exoept  for  the  one  that  survived,  whose  movements  only 
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became  somewhat  uncoordinated  after  19  hours).  Just  an  hour  later  nearly  all 
the  larvae  of  both  species  ceased  all  locomotion  (with  the  exception  already 
mentioned);  they  moved  only  in  response  to  powerful  mechanical  stimuli;  the 
reaction  of  turning  over  was  lacking;  death  followed  soon  after. 

These  findings  too  indicate  that  both  species  react  very  sensitively 
to  extreme  conditions,  and  that  like  many  pronounced  ground  animals  they  are 
almost  or  completely  without  protective  adaptations  against  drying  out  (by 
direct  sunshine,  insufficient  grovnd  cover,  high  temperature,  etc.).  The  pos¬ 
sibility  of  a  slight  adaptation  of  Lampyris  also  suggests  the  ability  to  in¬ 
habit  areas  where  Phausis  is  lacking  (see  pages  29  and  31  ). 

Phototaxis.  Behavior  in  the  Brightness  Gradient.  Scototaxis 

That  the  factor  of  light  has  great  ecological  significance  is  indicated 
by  my  intensive  but  fruitless  searches  in  the  daytime  in  well-populated  habi¬ 
tats,  and  also  the  reaction  to  artificial  light  occasionally  observed.  Thus 
for  example  the  larvae  in  the  evening  or  at  night  in  the  vessels  in  which  they 
were  kept  (without  leaf  litter  end  the  like)  stayed  on  the  side  of  the  vessel 
away  from  the  light,  and  when  the  direction  of  the  light  changed  they  always 
turned  negatively  photo tactically.  With  diffuse  overhead  light  (500-700  lx)  tb* 
larvae  crawl  toward  a  5  x  5  cm  black  wall  set  up  at  a  distance  of  20  cm  and 
follow  even  slight  horizontal  shifts  of  this  wall. 


Figure  18.  Light  gradient.  The  sleeve  used  to  darken  it  is  not  shown.  The 
figures  on  the  apparatus  indicate  the  brightness  in  lux.  Other  explanations 
and  dimensions  are  given  in  the  text. 

For  closer  study  of  the  phototactic  oebavior  1  used  a  light  gradient 
(Figure  18).  It  consisted  of  s  closed  glass  case  75  cm  long,  8  cm  wide, and 
10  cm  high  *ad  s  removable  glass  cover  piste.  This  apparatus  was  covered 
with  s  sliding  mentis  of  blade  paper  except  for  one  end  that  remained  open. 
That  end  was  lighted  vertically  from  above  with  a  email  vertically  sliding 
electrio  leap  with  a  shallow  trey  of  CuSOg  between  the  lamp  and  the  ossa  to 
absorb  the  heat.  The  bottom  wee  oovered  to  a  depth  of  1  cm  with  uniformly 
moist  sand.  The  apparatus  wee  calibrated  in  the  dark  from  below  with  the 
bottom  shade  removed  (before  the  sand  was  put  in)  with  a  light  meter  (Gossan's 
“Trilux,"  measuring  unit  "oandela  lux"  ■  "neulux")  until,  by  shifting  the 
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black  paper  mantle  and  the  lamp  a  usable  brightness  gradient  had  been  produced, 
with  the  following  graduation:  2500-1000  lx  ■  11  cm  of  the  length,  1000-500 
*  8  cm,  500-100  =  10  cm,  100-50  »  8  cm,  50-10  ■  11  cm,  10-0  (0  lx  ■  no  longer 
measurable  with  the  instrument)  =  27  cm  of  the  length. 

Experimental  conditions  for  both  species: 

Temperature :  20°  C 

Relative  humidity  in  the  apparatus:  80-100^ 

Number  of  larvae:  50 

Start  of  experiment:  1:00  p.m. 

Observation:  hourly  (except  during  the  night  hours). 

The  larvae,  which  .iad  been  habituated  to  diffuse  daylight  (500-700  lx) 
for  six  hours  in  the  ordinary  diurnal  rhythm,  were  placed  in  the  500-1000  lx 
section. 

Table  10.  Jjanpyrit  nodUuca  (Figure  19a) 
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If  ve  wish  to  compare  the  results  for  Lamnyris  and  Phausis  in  the 
light  gradient,  vs  oust  —  1st  us  emphasise  this  once  more  —  as  in  all  our 
experiments  that  are  based  on  speed  of  tunning  and  of  general  activity,  take 
into  account  the  fact  that  Phausis  larvae  are  far  more  sluggish  and  are  ex¬ 
tremely  sensitive  to  mechanical  influences  as  compared  to  the  agile,  more  in¬ 
sensitive  LamnvTls  larvae. 

The  tables  show  that  the  larvae  definitely  react  negatively  phototao- 
tically,  both  in  the  daytime  and  at  night.  It  is  striking  that  after  they 
are  moved  back  at  night  the  reaction  occurs  more  rapidly  (sometimes  quite 
pronounoedly  so)  than  in  the  daytime.  Since  the  experiments  vers  carried  out 
independent  of  the  normal  day-and-night  pariodicity  of  brightness,  vs  mist 
issues  e  correspondingly  different  type  of  day-night  aotivity  rhythm,  which 
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Table  11.  Phqusis  tplendidula  (Figure  19b) 
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seems  to  be  endogenous  to  a  certain  extent.  We  sight  also  interpret  this 
behavior  by  saying  that  with  the  night  hours  a  higher  sensitization  to  light 
occurs,  or  that  before  (during  the  day)  there  existed  a  higher  willingness 
to  endure  greater  brightness.  Once  the  state  of  insensibility  is  reached  in 
the  gradient  there  is  hardly  any  further  change  with  the  beginning  of  day; 
the  larvae  remain  motionless  where  they  are,  especially  the  Phausla  larvae, 
but  also  the  Lampyria  larvae,  which  are  otherwise  so  agile. 

When  the  data  were  recorded  at  14:00  (or  one  hour  after  the  start  of 
the  experiment)  the  Phauais  larvae  were  without  exception  oriented  with  the 
anterior  end  precisely  toward  the  dark,  the  head  completely  hidden  under  the 
prothorax,  which  no  doubt  protects  against  light  as  well  as  other  things;  on 
subsequent  checks  no  opposite  orientation  (and  consequently  direction  of  run¬ 
ning)  waa  ever  observed.  The  Laspyris  larvae  occasionally  went  back  to  the 
brighter  parte,  but  while  there  (especially  in  the  1000-2500  lx  range)  they 
moved  remarkably  fast  and  unsteadily,  in  a  way  comparable  to  a  flight  reao- 
tlon.  But  in  contrast  to  the  imagines,  no  positive  photo taxis  could  ever  be 
observed  in  the  larvae  in  any  situation. 

Toward  red  light  the  larvae  of  both  species  behaved  totally  indifferent¬ 
ly,  so  that  they  could  always  be  checked  and  observed  under  weak  red  light. 

The  running  diagrams  of  figures  20s  and  20b  are  intended  to  illustrate 
the  eco  to  tactic  reactions  under  the  following  experimental  arrangement  (for 
larvae  of  both  species): 

A  petri  dish  25  cm  in  diameter  and  12  cm  high  vaa  surrounded  to  its 
fhll  height  with  a  white  peper  mantle;  the  uniformly  moist  sand  in  the  bottom 
ms  oovered  with  white  filter  paper,  also  moistened  and  divided  into  0  equal 
sectors;  sad  this  arrangement  vaa  lighted  from  above  with  a  uniform  600  lx. 
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Table  11.  Phqutii  tpUniidul*  (Figure  19b) 
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eeeaa  to  be  endogenous  to  a  certain  extent.  Ve  night  aleo  Interpret  thla 
behavior  by  saying  that  with  the  night  houre  a  higher  sensitisation  to  light 
occurs,  or  that  before  (during  the  day)  there  existed  a  higher  willingness 
to  endure  greater  brightneea.  Onoe  the  state  of  ineenaibllity  is  reached  in 
the  gradient  there  is  hardly  any  further  change  with  the  beginning  of  day; 
the  larvae  reoain  notionlees  where  they  are,  especially  the  larvae, 

but  also  the  Lamarrla  larvae,  which  are  otherwise  so  agile. 

When  the  data  were  reooried  at  14:00  (or  one  hour  after  the  start  of 
the  experlaont)  the  Phauaia  larvae  were  without  exception  oriented  with  the 
anterior  end  precisely  toward  the  dark,  the  head  oonpUUly  hidden  under  the 
pro  thorax,  whioh  no  doubt  protects  ageinat  light  aa  vail  as  other  tilings;  on 
subsequent  checks  no  opposite  orientation  (and  consequently  direction  of  run¬ 
ning)  was  ever  observed.  The  larvae  occasionally  wont  back  to  the 

brighter  parte,  but  while  there  (especially  in  the  1000-2500  lx  range)  they 
sowed  ranaifcabiy  fast  and  unsteadily,  in  a  way  ooaparable  to  a  flight  reao- 
tion.  But  in  oootrast  to  the  luagtnos,  no  positive  phototaxis  oould  ever  be 
obeerved  in  the  larvae  in  any  situation. 

Toward  red  light  the  larvae  of  both  species  behaved  totally  indifferent¬ 
ly,  so  that  they  oould  always  be  checked  and  observed  under  weak  red  light. 

The  running  disgrace  of  Figaxee  20s  and  20b  are  intended  to  illustrate 
the  eoototeotie  reactions  under  the  following  export  eon  tal  arrangaoant  (tor 
larvae  of  both  specie#): 

4  petrl  dish  25  on  in  disaster  and  12  on  high  was  surrounded  to  its 
full  height  with  e  white  pep er  nantla;  the  unifomly  aoiat  sand  in  the  botton 
wee  covered  with  white  filter  paper,  aloe  sola  toned  and  divided  into  6  equal 
sectors;  and  this  arranges! nt  wea  lighted  free  above  with  a  unifoiw  600  lx. 
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Figure  19a.  Behavior  in  the  brightness  gradient  (L&anvrial _ _ 7  hours 

after  beginning  of  experiment;  . 5  hours  after  replacing  of  the  larvae; 

- 4  hours  after  replacing;  6  hours  after  replacing.  Scale  at  left 

of  each  graph:  number  of  aniaala. 

Figure  19b.  Behavior  in  the  brightness  gradient  (Phauala) .  Lines  and  scale 
sane  as  for  19a. 

The  petri  dish  was  covered  with  its  regular  lid  to  protect  the  larvae,  which 
are  extreeely  sensitive  to  draughts  of  air.  The  parts  of  the  glass  wall  out¬ 
lined  in  blade  in  the  figures  represent  a  wall  of  black  paper  as  high  as  the 
petri  dish  and  reaching  as  far  around  it  as  indicated  in  the  individual  draw¬ 
ings.  The  circular  aepent  of  a  sector  amounts  to  about  10  ca.  The  experi¬ 
ments  were  carried  out  at  night  (of.  activity,  Chapter  C  III  1  b). 

For  each  experiment  previously  unused  (unstimulated)  larvae  were  used 
(10  Lamnvrla  and  20  Qyttlll)'  put  into  tne  dish  opposite  the  dark  wall  (at 
room  temperature).  The  positions  found  (s)  after  a  given  time  do  not  give  a 
true  picture,  since  the  larvae  when  they  reach  the  blade  wall  sake  an  attempt 
to  climb  up  it  or  after  a  few  unsuccessful  attempts  often  move  on,  usually 
along  the  glass  wall,  since  the  light  stimulus  is  still  affective.  The  number 
of  larvae  had  to  be  chosen  in  such  a  way  that  the  experiment  could  be  under¬ 
stood.  If  we  compare  the  places  where  the  larvae  ware  particularly  Inclined 
to  stay  for  a  fairly  long  time  (o)  or  attempted  to  climb  up  the  wall  (x) ,  we 
find  characteristic  bunching!  against  the  dark  wall  or  at  the  change  to  the 
white  wall;  often  the  path  traoed  cornea  to  the  limit  of  the  dark  wall  and 
laads  bade  to  the  dark  wall.  The  paths,  for  the  sake  of  clarity,  art  traoed 
further  in  only  a  few  characteristic  oases  after  the  dark  wall  ham  been 
readied.  For  oeoh  spools*  only  the  path#  of  the  five  larvae  an  given  that 
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Figure  20a.  Sco to taxis  in  Laaovrls  larvae.  - *  starting  point  of  all  larva# 

opposite  the  dark  vail  wma>  (  )  •  nuaber  of  larvae  that  stayed  at  the  atari* 
log  point  or  returned  to  it.  Other  signs  are  explained  in  the  text. 


Figure  20b.  Soototexie  in  Phausie  larvae.  Signs  as  in  Figure  20a  sad  as  ex* 
plained  in  the  text. 

got  in  aotion  first.  They  shoe  that  the  larvae  of  both  species  find  the  dark 
surfaeee  with  acne  uncertainty  In  tracings  D  and  S  of  Flgurea  20a  and  20b,  i.a. 
that  frra  2$  on  way  they  are  not  able  to  novo  purposefully  toward  a  dark  val. 


10  cm  in  width  or  from  about  12  ca  away  toward  one  2  ca  in  width.  It  should 
also  be  noted  that  the  head  is  often  hidden  under  the  prothorax  and  that  the 
animals  at  the  point  where  they  are  introduced  push  theasclves  under  parts  of 
the  bodies  of  their  neighbors,  so  that  sometiaes  bizarre  tangles  develop 
(especially  in  the  case  of  Phausis);  some  paths  traced  show  that  the  larvae 
occasionally  return  to  the  place  where  they  were  put  in,  since  the  aniaale 
that  remain  there  represent  a  dark  region,  tco.  I  was  not  able  to  carry  out 
experiments  with  individual  animals  because  in  some  larvae  (especially  Phau3ia 
larvae)  akinesis  often  lasts  for  hours. 

Preferendua  in  the  Temperature  Gradient 

The  temperature  gradient  (Figure  21)  consisted  of  an  iron  bar  10  cm  wide, 
68  cm  long,  1.5  ca  thick  with  one  end  bent  down.  In  one  side  of  the  bar  were 
seven  thermometers  at  intervals  of  7  ca.  On  the  /bar  was  placed  a  glass  case 
closed  on  all  sides,  50  cm  long,  8  cm  wide,  and  8  •  High,  a  freezing  mixture 
and  a  small  Bunsen  burner  provided  in  the  usual  way  for  the  temperature  gradi¬ 
ent:  50°,  40.5°,  33.4°,  26.8°,  14,5°,  3  to  0°. 


cross 
section 

i 
i 

I 

!  Figure  21.  Temperature  gradient.  Explanation  and  dimensions  in  the  text. 

i 

In  this  apparatus,  at  night  and  in  darkness,  with  observation  every 
half  hour,  22  LflSTOflla  17  Phausis  larvae  were  tested. 
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Table  12  and  Figure  22a, b  show  that  the  leanw i>  larvae  react  leee 
eenaitively  then  the  larvae  and  have  e  aomewhat  higher  and  breeder 
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Figure  22a.  Reactions  of  Lampyris  larvae  in  the  temperature  gradient. 

Figure  22b.  Reactions  of  Phausis  larvae  in  the  temperature  gradient.  Scale 
at  left  of  each  graph:  number  of  larvae  in  % 

temperature  preferendua  (cf.  also  geographic  distribution,  Chapter  C  I  4). 

That  is  in  accord  vith  the  fact  that  Phausis  occurs  in  biotopes  that  are  bet¬ 
ter  protected  against  light,  moister,  and  cooler,  while  Lanpyris  larvae  are 
much  more  often  found  in  the  marginal  area  of  biotopes  limited  by  humidity 
(e.g.  in  biotope  B). 

The  absolute  recoil  temperature  for  Laapyris  is  between  40°  and  33°. 

The  larva  rears  the  fore  part  of  its  body,  lifts  the  first  and  second  pairs  of 
legs,  at  the  same  time  making  violent  and  hurried  movements  of  the  fore  part 
of  the  body  and  of  the  head,  which  is  quickly  stretched  forward  and  again  drawn 
in;  the  motion  of  the  antennae  is  also  strikingly  violent.  The  larvae  never 
voluntarily  went  past  the  40°  C  line. 

The  times  spent  by  individual  larvae  (Lanpyris)  at  various  temperatures 
in  the  temperature  gradient  are  shown  below.  The  larvae  were  put  in  at  30°; 
the  time  taken  from  thermometer  tc  thermometer  («  7  cm)  after  the  akinesia 
brought  on  by  the  reaction  to  being  moved  and  placed  in  the  apparatus  was: 

Table  13. 


Larva 
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26,8° 

20.8° 
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4.  ! 

10  ice 

BOief 

140  ice 

260  tee 

• 

b.  * 

12  tee 

28  tee 

180  tee 

60  tee 

e 

•  Stay  of  longer  than  5  minutes. 


This  little  series  of  experiments  is  intended  to  show  how  quickly  after 
the  akinesia  has  died  out  the  larvae  orient  themselves  on  the  relatively  large 
surface  (8  x  7  cm  per  field)  and  how  the  speed  of  running  steadily  decreases. 
No.  3  is  interesting.  After  a  longer  period  of  orientation  the  larva  flees  all 
the  faster  from  this  constant  stimulus  into  the  tolerable  temperature  fields. 
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A  similar  behavior  is  exhibited  by  Phausis,  but  the  flight  reaction 
begins  as  early  as  the  30°  zone,  the  larvae  never  vent  voluntarily  beyond  the 
30°  line,  and  the  movements  of  the  flight  reaction  look  more  violent  and 
"desperate"  than  those  of  Laamvria:  the  larvae  run  uncoordinated  and  vithout 
direction,  stumble,  fall  doun,  and  often  begin  to  luminesce  after  a  stay  of 
one  minute  at  50°  C. 

The  test  of  speed  of  orientation  came  out  as  follows: 

Table  14. 
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26  tec 

7ft  ipc 

180  tee 
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6. 
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Hagan  to  glow  after  10  sec,  curled  up,  took  firm  hold  with  the  __ 
py go  podium,  remained  lying  motionless;  when  moved  within  one  min¬ 
ute  to  noraal  temperature,  they  soon  showed  normal  movement  again. 

A  temperature  of  50°  C  seems  to  have  a  mors  dangerous  effect  on  the 
organism  of  the  Phausis  larvae  than  on  Laapyris.  Otherwise,  in  the  progressive 
decline  of  reaction  speed,  the  results  show  about  the  same  conditions  as  with 
Laapyris.  though  Phausis  may  flee  relatively  faster  than  the  very  mobile  Lam- 
ES. is. 

It  is  very  surprising  that  the  temperature  intolerable  to  the  larvae 
is  as  low  as  30°,  especially  as  such  temperatures  often  occur  outdoors;  lower 
temperatures  (around  0°  C)  are  borne  vithout  noticeable  reaction  (e.g.  rigor 
due  to  cold).  This  again  shows  clearly  why  the  larvae  avoid  exposed  localities. 

4.  Geographical  Distribution 

In  the  literature  there  are  few  statements  about  the  geographical  and 
horizontal  distribution.  E.  Olivier  [98]  alone  gives  a  sketchy  description  of 
the  geographical  areas  of  distribution  of  the  four  big  groups  of  lampiridae 
(Lampvris.  Luciola.  Photinus.  and  Photuris) .  Vogel,  who  has  published  most 
extensively  so  far  on  the  native  lampyridae,  also  only  cites  Olivier.  Accord¬ 
ing  to  Olivier  the  Lampyrini  (except  Phausis.  which  also  occurs  in  America) 
are  inhabitants  of  the  Palaearctic  region,  distributed  throughout  Europe  and 
Asia,  in  the  north  ae  far  as  Finland  and  the  Amur  region,  in  the  south  to 
Borneo,  Sumatra,  and  Java;  in  Africa  only  in  a  narrow  Mediterranean  atrip, 
farther  south  in  eastern  Abyssinia,  and  from  the  equator  to  the  Cape  of  Good 
Hope. 

According  to  Borchert  (11)  Phausis  splendidula  is  not  to  be  found  in 
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the  European  area  north  of  tha  Hamburg-Koslin  line,  while  in  the  west  the 
boundary  is  approximately  a  line  from  Nancy  to  northern  Italy  and  from  there 
approximately  to  Tiflis  (Tbilisi] .  —  Quite  generally  Lampyris  noctiluca  has 
a  wider  area  of  distribution.  This  species  together  with  Photinus  frigidus 
(American)  extends  farthest  to  the  north,  to  southern  Scandinavia  (about  60° 
north  latitude) ,  England  (not  in  northern  Scotland  and  Ireland) ;  it  is  found 
on  the  Iberian  Peninsula,  in  the  Apennine  and  Balkan  Peninsula  approximately 
to  42°  north  latitude;  its  area  of  distribution  opens  out  on  the  east  as  far 
as  northern  China.  The  northern  and  southern  distribution  of  the  two  species 
I  can  confirm  from  various  excursions. 

No  information  is  available  about  the  vertical  distribution.  That  at 
least  Lampyrls  occurs  high  in  Alpine  locations  is  shown  by  a  find  on  the 
Hetzkogel,  1542joeters  high,  near  Lunz  in  the  Lover  Austrian  Alps,  in  the  im¬ 
mediate  vicinity  of  the  peak. [see  Note]. 

[Note]  For  the  report  of  this  find  I  am  indebted  to  my  friend  N.  Sischka, 
cand.rer.nat. 


The  geographical  and  perhaps  also  the  vertical  distribution  show  a 
greater  tolerance  with  regard  to  temperature  and  exposure  of  the  Lampyris 
species  in  contrast  to  Phausis.  as  indeed  other  biological  investigations  also 
indicate  (Chapter  C  I  1-3).  It  is  interesting  in  this  connection  to  compare 
the  average  temperatures  of  the  north,  central,  and  south  European  areas,  the 
main  area  of  distribution  of  the  two  species  in  Europe.  We  have  worked  out 
the  annual  average,  the  combined  average  for  the  spring,  summer,  and  fall 
months,  and  the  averages  for  winter  and  summer  months  respectively  (according 
to  tables  of  the  monthly  temperature  averages  in  Eann's  Handbuch  der  Klimato- 
logio  (Manual  of  Climatology),  Vol  III,  Klimatogranhie  (Climatograpny) , 
Stuttgart,  1911).  From  the  south  European  area  (not  below  42°  north  latitude) 
the  points  Perpignan,  Montpellier,  Avignon,  Marseille,  Cannes,  and  Nice  were 
chosen;  from  the  central  European,  Frankfurt,  Kaiserslautern,  Nuremberg, 
Karlsruhe,  and  Stuttgart;  from  the  north  European  (not  above  60°  north  lati¬ 
tude,  Mandal,  Skudenes,  Sandosund,  Karlshamn,  Gdteborg,  JSnkoping,  Visby, 
Stockholm,  and  Karlstad. 


Table  15. 


Average  for  th< 
Summer  Months 
(May-August) 

Average  for  the 
Spring,  Summer, 
and  Fall  Months 
(April-Octobsr) 

Average  for  the 
Winter  Months 
(November-Narch) 

Annual 

Average 

South  Europe 

20.6°  C 

18.5°  C 

TOfEjMI 

Central  Europe  16.3°  C 

14.2°  C 

2.0°  C 

■  If 

U»3°  S _ 

The  compilation  shove  that  the  average  for  the  summer  months  lies  ex- 
aotly  in  the  preferred  temperature  range  of  the  larvae,  that  the  average  of 
the  spring,  summer,  and  fall  months  togsther,  which  constitute  the  months  of 
ohief  activity  of  the  larvae,  is  at  a  temperature  at  which  the  animals  remain 


32 


normally  active,  and  that  the  averages  for  the  winter  aonths  do  not  drop  be¬ 
low  zero.  This  aspect  is  is  jortant  when  we  compare  with  these  data  the  ob¬ 
servations  concerning  the  annual  activity  rhythm  (Chapter  C  III  la). 

5y  way  of  summary  of  this  chapter  on  ecological  factors  it  may  be 
stated  that  the  interaction  and  interplay  of  the  various  factors  discussed 
here  have  a  great  importance  in  the  life  of  the  larvae:  The  special  choice 
of  subsoil,  negative  phototaxis,  sco to taxis,  thigmotaxis,  hydro taxis,  lack  of 
protective  mechanisms  against  desiccation  keep  the  creatures  in  an  environ¬ 
ment  to  which  their  morphologi co-anatomic  and  physiological  qualities  are 
adapted,  namely  in  a  humid,  even-tempera tured  biotope  whose  microclimate  ex¬ 
hibits  no  great  extremes  in  any  respect. 

II.  Data  Concerning  the  Developmental  Cycle 

In  order  to  have  enough  material,  I  had  to  grow  the  insects  myself. 

The  following  data  on  the  developmental  cycle  thus  originated  as  a  mere  by- 
product  of  my  work. 

The  conjectures  in  the  literature  that  our  native  lampyridae  as  a  rule 
have  a  one-year  developmental  cycle  (Adoque  Cl],  Newport  [95],  Vogel  [129]) 
were  opposed  by  others  (HSllrigl  [62],  Hain  [79],  Sogerson  ["On  the  Glowworm,” 
Philosophical  Magazine.  Vol  58,  1821,  page  53l.  Verhoeff  [126])  that  postu¬ 
lated  a  two-year  cycle.  For  non-2uropean  lampyridae,  Hess  [58]  assumes  for 
Photinus  consaneuineus.  Photinus  scintillans.  Pvropyga  fenestralia.  and  "moat 
other  native  («  American)  fireflies"  a  two-year  cycle,  while  Hutson  and 
Austin  have  demonstrated  a  one-year  period  of  development  for  the  Indian 
firefly  Lamnronhorus  tenebrosus. 

Except  for  the  last-mentioned  finding,  no  one  seems  to  have  succeeded 
up  to  now  in  raising  lampyridae  from  egg  to  imago,  for  the  authors  base  their 
statements  on  the  developmental  cycle  solely  on  indirect  observations.  Thus 
the  authors  that  have  made  up  their  minds  in  favor  of  a  two-year  developmental 
cycle  adduce  the  fact  that  in  larvae  found  during  the  pupation  period  a  defi¬ 
nite  two-phase  difference  in  site  may  be  observed.  For  a  one-year  cycle  I  have 
found  neither  supporting  data  nor  arguments  for  successful  raising  within  that 
time. 


These  contradictions,  because  of  the  too  small  number  of  experiments 
and  observations  up  to  now,  are  based  on  only  a  few  individual  insects. 

The  differing  and  uncertain  statements  concerning  the  developmental 
cycle,  the  obvious  difficulties  in  growing  the  larvae,  and  ay  desire  to  obtain 
as  many  adult  individuals  from  ay  breeding  operations  caused  me  to  begin  on 
a  large  scale.  I  began  with  4289  Lamovria  eggs,  which  hatched  into  larvae 
with  very  small  losses  (page  38).  In  the  case  of  Phausis  snlendidula  I  tried 
growing  from  the  egg  less  intensively,  because  I  assumed  I  could  get 
enough  imagines,  as  both  sexual  forms  of  this  species  luminesce  quite  visibly. 
—  On  the  basis  of  this  extensive  insect  material  I  can  make  quite  sure  state¬ 
ments  about  the  life  history  and  habits  of  my  insects. 
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1.  Egg-Laying  and  Lavinrs  of  Fp-.?s 

Females  that  are  bred  toward  the  end  of  their  short  lifetime  lay  the 
eggs  immediately  after  copulation  if  they  are  in  almost  natural  environmental 
conditions.  The  sooner  after  the  female's  emergence  as  an  imago  that  a  copu¬ 
lation  takes  place,  the  longer  it  may  be  before  the  egg-laying.  This  fact  is 
also  deducible  from  a  variety  of  observations  in  the  open.  The  egg-laying 
may  occur  6  to  8  days  after  copulation  if  the  female  copulates  immediately 
after  emerging  from  the  pupal  state.  This  extreme  case,  to  be  sure,  may  not 
occur  in  nature,  since  the  female  as  a  rule  remains  inactive  for  a  certain 
length  of  time  after  shedding  the  skin  (see  below).  This  is  probably  causally 
connected  with  the  maturation  of  the  eggs.  In  dissecting  freshly  hatched 
females  —  and  for  comparison  older  females  --  I  was  able  to  satisfy  myself 
that  the  eggs  are  in  very  different  stages  of  development  depending  on  the 
time  of  the  imaglnal  molting.  it  is  true  that  there  are  norsal-3ized  eggs 
immediately  after  the  shedding  of  the  skin,  but  a  large  part  (especially  in 
the  distal  end  of  the  ova  rial  pouch)  are  considerably  smaller.  This  condi¬ 
tion  changes  progressively,  though  not  always  in  the  same  time  relation  with 
the  imaginal  shedding  of  skin,  until  all  the  eggs  reach  a  certain. §izo  and 
are  ready  for  laying,  after  about  five  days  on  the  average.  In  most  cases 
the  eggs  ere  laytd  after  1  to  3  days  at  night,  only  occasionally  in  the  day¬ 
time. 

The  egge  are  deposited  at  special  places.  If  there  is  a  possibility 
of  choosing  between  dry  sad  damp  ground,  the  damper  is  preferred,  and  in  the 
same  way  well  covered  ground  is  preferred  over  open,  uncovered  ground.  In 
the  open  the  female  does  not  travel  very  far  between  copulation  and  sgg-laying, 
but  lays  the  eggs  in  the  immediate  vicinity  of  her  habitual  place  to  shine 
every  evening  or  in  the  place  where  she  hides  in  the  daytime.  Aa  •  rile  the 
places  chosen  are  well  protected  places  in  the  grass-root  mat  very  does  to 
the  ground,  in  cracks  of  stones,  under  stones,  in  coarsely  friable  earth,  on 
the  underside  of  the  leaves  of  small  ground  plants  (s.g.  mosses),  —  in  other 
words  always  as  dost  as  possible  to  the  sons  of  contact  of  earth  and  plants, 
but  not  actually  underground. 

After  sating  the  female  aa  a  rule  no  longer  appear*  in  the  evening  in 
typical  gloving  poaition,  nor  doe*  the  any  longer  glow.  An  exception  to  this 
it  found  in  Leaevris  females  which  (under  laboratory  conditions)  are  brought 
together  with  a  mala  immediately  attar  shedding  the  akin.  That*  females  lay 
only  a  few  eggs,  either  immediately  or  after  a  day  or  two,  and  then  again 
exhibit  complete  sexual  appetency  behavior  (which  see).  Then  after  repeated 
copulation  all  the  eggs  era  la~d.  This  behavior  points  to  the  eboveaentioned 
increasing  maturation  of  the  jggs  after  the  shedding  of  the  akin;  in  addition 
it  seems  that  the  spematosoa  cannot  be  viably  stored  for  severd  days.  The 
feasle  goes  about  very  slowly,  almost  searching,  often  with  the  ovipositor 
slightly  out  thrust,  than  with  boring,  searching  notions  pushes  the  fu'iy  ex¬ 
tended  laying  apparatus  Into  a  crack  In  the  ground  or,  with  dowmard  curving 
abdomen,  under  a  moss  leaf  or  root  fiber  (Figure  25).  The  eggs  are  thus  laid 


-34- 


GRAPHIC  NOT  REPRODUCIBLE 


-•  - 1 

•> 

j. 

h- 


Figure  23.  Laapyris  female  laying 
eggs,  (above) 


Figure  24  (right).  Batch  of'  Laapvris 
eggs  laid  at  one  time  (about  7  x). 


singly,  though  in  fairly  large  number  in  favorable  places,  otherwise  scattered, 
but  in  the  normal  case  never  hanging  together  in  clumps  (Figure  24).  To  each 
egg  that  is  laid  is  added  a  drop  of  viscous,  sticky,  colorless  liquid  that 
fixes  the  egg  to  the  surface  it  rests  on.  This  adhesive  drop  cay  immediately 
precede  the  emerging  egg  or  be  secreted  simultaneously  with  the  egg.  In  both 
coses  it  immediately  surrounds  the  egg  and  may  have  l/3  to  l/2  the  volume  of 
the  egg.  With  a  certain  skill  end  caution  and  with  knowledge  of  the  approxi¬ 
mate  chronological  sequence  of  the  emergence  of  the  eggs,  egg-laying  can  also 
be  experimentally  induced  in  the  female  that  is  ready  to  lay,  by  stroking  the 
abdomen  of  tho  insect  from  front  to  back  with  s  gentle  pressure.  During  the 
2  to  3  day  duration  of  the  egg-laying  the  plump  mature  female  visibly  decreases 
in  volume,  and  at  last  is  paper  thin  when  she  has  laid  all  the  eggs.  After 
the  egg-laying  the  females  die  after  a  varying  length  of  time.  All  females 
were  dissected  post  mortem  to  determine  the  exact  number  of  eggs,  for  not  all 
eggs  were  laid  in  all  cases  before  the  death  of  the  insect  (not  even  in  the 
open).  Vhile  it  is  often  small,  obviously  immature  (citron  colored)  eggs  that 
are  found  post-aortally  in  the  ovaries,  that  is  not  an  invariable  nils,  for 
often  eggs  of  normal  else  and  obviously  mature  (light  o range)  ere  found.  In 
62.4*  of  46  accurately  checked  cease  all  tho  eggs  were  laid,  and  most  of  ths 
other  females  contained  only  one  to  three  eggs.  The  cases  in  which  only  10 
to  30  fertile  eggs  were  laid  oust  have  been  anomalous  because  death  occurred 
prematurely.  »oraally  a  laying  consists  of  60  to  90  aggs  (average  of  over  a 
hundred  layings  in  the  open  and  under  cultivation);  only  occasionally  are 
layings  of  a  little  over  a  hundred  eggs  encountered.  Reports  in  the  litera¬ 
ture  of  hundreds  of  eggs  (Kuhnt  (70j,  Kaiser  ("The  Luminescence  of  Laapyris 
cplendidula  L.,"  Anielxer  dtr  Akadeala  der  Vi^enschsfte;;.  -ttsn  (Infomer  of 
the  Academy  of  Sciences,  Vienna),  Vol  17,  pages  133-134,  1664])  cannot  be 
correct.  The  absolute  number  may  fluctuate  considerably:  41  at  the  minimum, 
196  «t  the  maximum  (all  immature,  often  tiny  eggs  counted  in).  It  may  be 
conjectured  that  this  difference  is  correlated  with  the  difference  in  else  of 
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the  females,  but  I  can  give  no  exact  information  about  this.  In  any  case  in 
the  outdoors  quite  viable  females  of  12  mm  may  be  found  along  with  gigantic 
females  of  30  am,  though  the  extremes  are  to  be  regarded  as  exceptions;  on  the 
average  the  females  would  be  about  20  mm  long.  Each  of  the  paired  ovaries 
produces  about  the  same  number  of  eggs. 

The  freshly  laid  eggs  are  spherical,  with  a  diameter  of  1.0  to  1.3  mm, 
untransparent  and  light  orange  in  color.  (The  rather  large  eggs  fill  the 
mature  female's  entire  body  cavity  right  up  into  the  pro thorax.)  The  skin  of 
the  egg  is  at  first  so  soft  that  at  a  touch  or  an  effort  to  move  the  egg  from 
the  surface  it  rests  on  the  egg  breaks  and  runs.  After  only  about  12  to  24 
hours  the  eggs  become  quite  considerably  harder  (probably  depending  on  the 
atmospheric  humidity).  The  surface  of  the  egg  is  not  entirely  smooth,  but 
appears  under  150  to  200-fold  magnification  to  be  marked  irregularly  with 
flattish  elevations  and  depressions. 

That  the  eggs  are  quite  sensitive  is  shown  by  accidental  observations 
of  neglected  layings.  In  dried-out  culture  vessels  the  eggs  show  shrunken 
places  caused  by  loss  of  water;  even  the  hardest  egg  skin  is  thus  no  absolute 
protection  against  drying.  But  since  in  the  natural  biotope  the  eggs,  in 
view  of  the  high  atmospheric  humidity  there  (see  pages  19  ff.),  do  not  dry 
out,  no  special  provisions  need  to  be  at  hand.  If  after  visible  loss  of 
water  the  eggs  are  placed  in  a  high  humidity,  the  shrunken  places  disappear 
again  through  absorption  of  water  and  under  favorable  circumstances  the  develop¬ 
ment  of  the  eggs  may  be  successfully  completed,  sometimes  with  a  delay  in  the 
time  of  hatching. 

A  great  controversial  question  in  the  literature  is  the  question  of 
whether  the  eggs  are  luminescent  or  not.  The  answer  to  this  question  is  often 
represented  as  decisive  in  the  matter  of  whether  the  process  of  luminescence 
is  to  be  regarded  as  purely  a  luminescence  of  the  species  itself  or  whether 
it  may  be  considered  as  conditioned  by  eymbiontic  luminescent  bacteria.  (For 
further  discussion  of  the  symbiosis  problem  see  Chapter  5  13.) 

De  Bellesme  (6],  Bongardt  (10),  Dubois  (35),  Fabre  (40],  Serretsen  t45]» 
Hess  f58],  Ebllrigl  (62],  Hutson  and  Austin  [63],  Knauer  [68],  Kuhnt  (70], 

Kain  C79),  Verhoeff  (126],  Vogel  [  128,131 1,  and  Vielowiejaki  1140]  have  ob¬ 
served  a  luminescence.  Csepa  (32],  Haupt  (571,  Keissner  (90],  Newport  (95], 
and  Veitlaner  (137  ]  do  not  believe  that  the  eggs  themselves  are  luminescent 
or  note  expressly  that  they  have  never  observed  it.  Sven  among  those  who  af¬ 
firm  the  luminescence  there  are  opinions  that  do  not  assume  any  inherent 
luminescence  of  the  eggs,  but  rather  that  the  eggs  are  smeared  with  a  lumines¬ 
cent  substance. 

In  the  many  eggs  (fertilised  and  unfertilised,  about  6000  all  told)  that 
I  was  able  to  observe  in  the  course  of  ay  investigations  X  established  tho 
luminescent  capacity  not  only  in  eggs  laid  in  the  natural  way  but  also  in  eggs 
found  in  the  body  cavity  of  mated  and  unaated  females  whose  luminous  organs  bad 
remained  entirely  undamaged  ,  as  well  as  in  externally  sterilised  eggs  of 
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mated  and  unmated  females.  (External  sterilization  by  a  five-minute  bath  in 
lO/o  solution  of  chloramine  in  alcohol,  as  recommended  by  Fink,  Zeit3Chrift 
fur  die  Morphologie  und  Ckolo?ie  der  Tiere  (Journal  of  Animal  Morphology  and 
Ecology),  Vol  41,  1952,  page  78,  or  in  a  five-minute  bath  of  2$  quinosol  solu¬ 
tion  as  recommended  by  Nordgren  and  Funkquist,  Kordisk  Hvgienisk  Tidskrift 
(Scandinavian  Journal  of  Hygiene),  Vol  21,  1941,  pages  269-294.)  The  lumines¬ 
cence  of  the  eggs  is  therefore  an  inherent  luminescence  (Figure  25).  Contrary 

to  various  opinions  that  the  eggs  glow 
only  at  certain  periods  of  their  develop¬ 
ment,  I  was  able  to  establish  lumines¬ 
cence  throughout  the  entire  period  of 
egg  and  embryo  development.  At  first  — 
whether  inside  or  outside  the  female 
body  —  there  is  a  weak  phosphorescent 
glow  distributed  over  the  whole  egg, 
while  in  about  the  last  quarter  of  the 
embryonic  development  the  glow  is  con¬ 
centrated  more  in  a  definite  place  and 
is  similar  to  the  light  of  the  larva. 
Figure  25.  Externally  sterilized  Probably  at  that  time  the  "luminous  organ1* 
eggs  taken  from  an  unmated  female  is  identical  to  that  of  the  hatched  larva. 

(Lamoyris) ,  photographed  in  their  The  glow  of  the  eggs  can  be  intensified,  _ 

own  light.  (About  8  x.)  by  mechanical  stimulation. 

It  must  also  be  mentioned  that  unaated  females  show  a  quite  different 
behavior  in  egg-laying.  The  sexual  appetency  behavior  appears  greatly  height¬ 
ened  (cf.  Chapter  D  I  1  b),  while  the  eggs  as  a  rule  are  retained  until  short¬ 
ly  before  the  natural  death.  (This  is  also  observed  in  the  natural  habitat.) 
The  unfertilized  eggs,  which  do  not  differ  externally  from  fertilized  ones, 
are  then  expelled  premortally,  either  by  repeated  efforts  and  in  clumps,  or 
else  in  one  single  convulsive  squeeze,  after  which  death  usually  occurs  im¬ 
mediately  (Figure  26).  Almost  always  a  more  or  less  large  part  of  the  eggs 

are  left  in  the  ovaries;  only  rarely  are  no 
eggs  laid  at  all.  Apart  from  the  clumpy  con¬ 
figuration  infertile  batches  of  eggs  may  be 
recognized  by  the  fact  that  the  egg  skins  do 
not  harden;  the  eggs  do  not  adhere  firmly  to 
the  surface  on  which  they  are  resting,  like  the 
fertilized  ones,  and  occasionally  they  shrink  a 
little,  take  on  a  dark  orange  coloration,  and 
putrefy  or  grow  mouldy,  depending  on  conditions 
in  the  vessel,  in  a  varying  length  of  time 
(usually  within  one  to  three  weeks).  It  is  to 
be  assumed  that  the  liquid  secreted  in  ordinary 
Figure  26.  Egg-laying  un-  egg-laying  is  not  given  off  with  unfertilised 
mated  female  (Phsusls) .  eggs,  and  that  that  liquid  has  not  only  adhesive 

shortly  before  death.  but  also  protective  functions,  against  mechanical 
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and  infectious  damage.  "Fertilized"  eggs  (»  eggs  with  solidified  egg  cases) 
in  which  no  development  into  the  larva  takes  place  will  keep  up  to  a  year  ac¬ 
cording  to  my  observations  (perhaps  even  longer)  without  putrefying  or  becom¬ 
ing  moldy. 

The  processes  described  for  Laapvris  are  very  similar  in  Phausis. 

Time,  place,  duration,  and  manner  of  egg-laying  are  as  in  Laarwris.  One  dif¬ 
ference  is  that  there  is  not  as  high  a  degree  of  willingness  to  lay  eggs  in 
captivity;  unaated  females  often  die  with  their  entire  stock  of  eggs.  In  egg- 
laying  a  spasmodic,  powerful  contraction  of  the  abdomen  both  lengthwise  and 
in  the  dorsiventral  direction  ia  noticeable,  which  pushes  an  egg  into  the  vagi¬ 
na  and  finally  ejects  it.  Vith  suitable  lighting  these  processes  can  be  fol¬ 
lowed  clearly.  Otherwise  the  behavior  is  the  same  as  in  Lamovris.  The  size  of 
the  eggs  is  about  0.6-0. 8  mm;  the  eggs  have  a  somewhat  lighter  color  than  Lan- 
cyrls  eggs.  A  laying  consists  on  the  average  of  60-90  egg3;  the  absolute  num¬ 
ber  is  57-147  eggs  (in  34  dissected  females).  As  to  luminescence  of  the  eggs, 
what  has  been  said  of  Lamnvris  holds  here  too. 

2.  Qnbrronic  and  Poat-Babrvonic  Development 

I  did  not  study  the  embryonic  development  myself,  and  shall  describe 
here  only  the  visible  processes.  The  opaque  eggs,  at  first  light  orange  in 
color,  do  not  increase  in  size  in  the  course  of  developemnt,  as  described  by 
Newport.  The  rigid  chorion,  too,  seems  to  oppose  any  increase  in  volume.  Be¬ 
sides  the  changes  in  the  luminescence  of  the  eggs  noted  earlier,  a  changa  in 
the  coloration  of  the  egg  and  in  the  inner  structure  makes  itself  evident. 
Toward  the  end  of  the  egg  development,  inside  the  egg,  which  is  becoming  only 
a  little  more  transparent,  a  separation  of  the  egg  mass  sets  in;  a  light 
orange  peripheral  strip  (probably  the  developing  embryo)  surrounds  s  lighter 
central  portion  (probably  nutrient  material) .  At  about  this  time  the  diffuse 
luminescence  of  the  whole  egg  changes  into  a  concentrated  point-like  glow  at 
a  spot  not  precisely  determinable.  The  time  taken  by  the  development  suet  be, 
aa  in  all  lnaeots,  depandent  on  external  factors,  especially  on  temperature 
end  humidity.  Thus  in  the  case  described  on  page  36  part  of  the  eggs  laid  on 
14  July  1957  hatched  on  20  October  and  on  21  November  1957,  or  after  99  end 
131  days  respaotively.  The  rest  of  the  batch  were  no  longer  capable  of  devel¬ 
oping.  At  an  average  temperature  of  18-20°  C  and  about  80-100$  relative  humid¬ 
ity  the  larvae  hatoh  more  or  less  constantly  after  35*3  days  (average  of  46 
layings).  It  must  be  borne  in  mind  that  not  all  eggs  are  laid  on  on#  day  sl- 
multaneoualy  end  neither  do  they  hatch  at  the  came  time;  the  period  of  hatch¬ 
ing  may  extend  over  8  days.  In  most  reports  the  tins  ie  reckoned  from  begin¬ 
ning  of  laying  until  the  hatching  of  at  la.'-t  75$  of  the  eggs.  Under  suitable 
conditions,  adjusted  to  those  of  the  natural  environment,  mortality  is  very 
low;  from  4289  eggs  3967  larvae  hatched,  the  mortality  thus  being  7.5$  on  the 
average.  In  many  layings  the  hatching  rate  was  100$.  The  percentage  was  rs- 
duced  to  92.5$  only  by  a  few  batches  that  for  some  reason  developed  badly. 

Vith  the  abov  ntionsd  exception  all  the  layings  had  hatched  by  the  and  of 

September,  kewport'e  assumption  of  a  tvo-ysar  developmental  period 

only  in  the  ossa  of  larva#  that  hatch  out  too  late  ia  the  season,  but  normally 
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only  a  one-year  one,  is  not  tenable  according  to  my  experience.  Daring  the 
rest  of  the  year  the  larvae  reach  a  uniform  or  not  greatly  differing  size  of 
about  6-8  mm,  as  a  rule  without  shedding  the  skin  (cf.  pages  40  ff.). 

At  the  time  of  the  hatching  the  chorion  is  burst  in  an  irregular  crack 
and  the  waxy  white  larva,  unpigmented  except  for  the  eyes,  makes  its  appear¬ 
ance  without  further  effort.  Hatching  takes  place  predominantly  at  night, 
but  occasionally,  on  dark,  overcast  days,  in  the  daytime.  The  integument  of 
the  young,  freshly-hatched  Lanpvris  larvae,  up  to  4  mm  in  length,  darkens 
within  seven  hours,  and  they  are  then  quite  like  the  older  larvae,  even  in 
external  appearance.  Immediately  after  leaving  the  egg  sheath  and  during  the 
period  when  pigmentation  is  acquired  the  larva  if  undisturbed  is  inactive  and 
assumes  a  position  on  its  side,  curled  in  a  semicircle.  Afterwards,  even  in 
the  first  few  days,  it  is  very  active  and  takes  nourishment. 

In  the  young  larvae  during  growth  and  after  sheadings  of  the  skin  un¬ 
til  the  final  stage  it  is  hardly  possible  to  observe  externally  any  character¬ 
istic  progressive  change.  No  measurements  of  the  cephalic  capsule  are  possible 
in  the  living  animals,  since  at  the  slightest  touch  or  breath  of  air  they  re-  _ 
tract  the  head  completely;  measurements  of  length  give  extremely  variable  re¬ 
sults  depending  on  state  of  nutrition,  and  are  also  inaccurate  because  of  the 
possibility  of  a  telescoping  contraction  of  the  abdomen.  I  did  not  succeed 
at  the  time  in  finding  any  narcosis  not  dangerous  to  life  that  would  for  exam¬ 
ple  have  permitted  measurement  of  the  cephalic  capsule.  The  only  possibility 
of  identifying  definite  early  stages  seemed  to  me  to  be  in  the  nature  and  de¬ 
velopment  of  the  hairs  or  bristles,  but  exact  comparative  studies  of  that 
matter  lay  too  far  outside  ay  actual  field  of  investigation. 

If  we  compare  the  chronological  sequence  of  moltings  of  the  larvae  from 
several  layings  (A-G)  it  is  conspicuous  that  they  take  place  in  each  case  ap¬ 
proximately  simultaneously.  (Cf.  time  of  appearance.)  Examples: 


A 

B 

c 

_ 22 _ E _ 

_ E _ 

_ C - 

First 

Series 

February 
e.g.  14, 

February 
a.g*  10, 

February 
e.g.  10, 

February  February 
e.g.  21,  e.g.  18. 
28,  and  20,23,27 

February 

13,15, 

» 

18,23,26. 

11,  17 

13,15,17, 

22,  and 

27 

24 

2  March 

1  March 

Second 

Series 

several  larvae  molted  on  one  day  in  each  case 

June 

Kay 

Xay*Jtae 

June  June 

Kay 

XaysTune 

00,19) 

(20,26) 

(20  Key, 

(2,6)  (7) 

(26) 

(Si  Mgr, 

1-2  June) 

4  June) 

Third 

Series 

in  so  as  oases  several  lame  molted  on  one  day 

Ady 

July 

JUly 

July 

July 

July 

(4) 

(4,8,18) 

(7) 

(4)  ♦  14  June  (12) 

(27) 

F0UT  us 

Series 

♦23-24 

dugoat 

*16  lev. 

Sept.  (5)  - 

-10  Sertu  -17  Sept. 

August 

(26) 

*25  Sept. 

♦15  Sej  . 

♦  Prooees  oonplatad  for  layingiin  question  on  date  shown. 
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These  data  are  for  broods  that  were  kept  at  18-20°  C  even  during  the 
winter  half  of  the  year.  In  scattered  cases  the  larvae  molted  as  early  as 
the  beginning  of  December,  before  their  winter  pause  in  activity  (Chapter  C 
III  1  a).  Under  outdoor  conditions  the  larvae  do  not  molt  in  the  same  year 
that  they  leave  the  eggs.  In  the  outdoors  the  first  molting  begins  somewhat 
later  than  shown  on  the  above  table.  It  is  found,  however,  that  in  an  ob¬ 
servation  period  of  more  than  a  year  the  molting  periods  within  one  laying 
vary  little,  and  that  even  in  several  layings  (under  approximately  similar 
conditions)  they  remain  fairly  synchronous.  Comparative  and  supplementary 
material  from  outdoors  permits  the  conclusion  that  the  abovementioaed  molting 
periods  all  shift  somewhat  toward  the  end  of  the  year,  so  that  the  first  molt¬ 
ing  takes  place  soon  after  the  winter  rest  (Karch-April) ;  the  second  and  third 
by  preference  coincide  with  the  months  of  most  active  food-seeking  on  the  part 
of  the  larvae  (July,  August,  September  or  October).  In  year-old  and  mature 
larvae  one  molting  place  in  the  late  spring  and  one  or  two  (depending  on  food 
conditions)  in  the  fall  until  the  pupal  molting  in  Kay  or  in  June.  In  the 
last  year  of  their  larval  period  (i.e.  before  pupation)  I  was  able  to  fird  a 
molting  only  in  exceptional  cases,  so  that  a  total  of  only  four  to  a  maximum 
of  six  mol tings  are  to  be  reckoned  vita  in  the  larval  period.  This  relatively 
small  number  of  mol  tings  over  a  3>34  month  larval  period  with  a  growth  in 
length  by  a  factor  of  5  to  9  and  approximate*  v  s  six-fold  growth  in  breadth 
can  be  very  well  compensated  for  by  the  larva  through  great  stretching  of  the 
intereegmental  skins  between  the  segments  on  the  one  hand  and  tits  tar gi tea, 
pleura,  and  atexnites  on  the  oxhor. 


The  molting  is  precede  1  by  a  three  to  six-day  rest  period,  during  which 
the  larva  usually  moves  only  in  response  to  mechanical  or  light  stimuli.  It 
lies  on  its  beck  or  slds  in  a  place  protected  from  the  light,  with  abdomen 
curved  ventral ly  into  a  semicircle,  until  leaving  the  exuvia.  that  the  larvae 
burrow  into  the  ground  for  molting  X  wr a  never  able  to  observe,  although  they 
had  a  chance  to  do  so  (sandy  sell,  mold  huauc).  Phaaaia  larvae  do  make  thsm- 


Figure  27*  Kolting  chamber 
(opened)  of  a  Ph«r:ai»  larva, 
the  chamber  is  made  bar  means 
«f  tbs  mouth  parts  ind  the 
prothoraoio  shield. 


selvae  a  hole  under  leavea  and  the  Ills,  of 
circular  to  oval  outline,  ee  described  in  ooa- 
nectioa  with  the  pupal  molting  Expire  27). 

In  rare  esses  larvae  were  obeervsd  that  molted 
in  snail  shells  that  they  had  previously  eaten 
espty,  A  day  or  two  before  molting  the  larva 
polls  its  head  bade  from  the  oephalio  eapoule 
into  the  prothoraoio  cavity.  (The  empty 
oephalio  oapsulo,  usually  bent  la  the  ventral 
direction,  can  be  ranged  without  injury.) 

At  abewt  the  same  time  it  is  possible  to  too 
the  contours  of  the  larva  in  its  now  latege- 
mmat  through  ths  iatemegssntai  menhranos. 
Tamed  li  tely  before  the  bursting  of  the  old 
integument  the  exuvial  part  of  the  last  two 
or  three  eegeente  of  the  abdomen  it  pulled 
off  to  the  rear  sad  hangs  alack  and  empty. 
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Figure  28.  Larval  Bolting. 
(Lampyris) 


2he  exuvial  integument  is  tightly 
--=~^  stretched  over  the  rest  of  the  body, 

’  but  seems  to  have  little  contact 
vV'*/  with  it,  since  the  divisions  between 
the  segments  in  the  old  and  the  new 
integument  are  not  in  line.  The 
anterior  end  is  subjected  to  the 
greatest  pressure  shortly  before 
the  molting,  for  at  this  stage  quite 
a  slight  pressure  from  outride  on 
the  prothorax  often  suffices  to 
cause  the  skin  to  burst  op-ta.  The 
integument  bursts,  not  on  the  dor¬ 
sal  median  as  in  many  other  insect 
larvae,  but  in  a  transverse  break  at  the  upper  end  of  the  pro- 
thoracic  segment,  through  which  the  nearly  unpigmented  head 
appears.  In  the  course  of  thrusting  forward  movements  of  the 
larva  to  free.itself ,  by  contraction  and  stretching  length^ 
vise  and  by  movements  of  its  anterior  end,  the  transverse 
slit  is  first  widened  laterally  on  both  sides  to  the  posterior 
comers  of  the  prothorax.  It  the  time  that  parts  of  the  fore¬ 
legs  become  visible  the  integument  tears  further  —  probably 
because  of  bracing  actions  of  the  legs  —  in  the  caudal  direc¬ 
tion  along  the  pleuron-tergite  line  to  the  aetathoracic  seg¬ 
ment,  and  occasionally  as  far  as  the  first  abdominal  segment 
(Figure  28).  Under  this  big  cover,  not  by  leg  movements,  but 
by  alternate  contraction  and  stretching  of  the  abdomen,  the 
larva  pushes  itself  out  of  the  exuvia  or  pushes  the  exuvia  to 
the  rear,  presumably  with  the  help  of  certain  large  anally 
oriented  setae  nlxuated  on  both  sides  at  the  posterior  corners 
of  the  second  to  eighth  abdominal  stemitea  and  with  the  fur¬ 
ther  help  of  the  pygopodiua,  which  is  already  capable  of  func¬ 
tioning*  After  molting  is  completed  the  unpigmented  larva 
(if  undisturbed)  lies  almost  motionless  on  its  side  for  several 
hours,  except  for  occasional  violent  movements  of  the  head, 
in  which  the  head  and  the  parts  of  the  neck  important  in  cap¬ 
ture  of  prey  (according  to  Vogel  parts  of  the  pro thorax  and 
the  cephalic  capsule)  are  stretehed  forward  to  their  maximum 
capacity;  in  the  same  way  the  pygopodiua  is  extended  to  its 
maximum  capacity  and  retract ed.  ‘Since  the  larva  frequently 
takes  rests  of  varying  duration  during  the  molting  process, 
the  duration  of  molting  cannot  be  easily  stated,  normally 
it  oan  be  completed  in  two  to  four  hours.  It  takas  place  at 
night  or  on  dark,  overcast  days,  in  the  latter  oasa  usually 
in  the  morning  or  evening  hours.  In  the  normally  molted 
larva  the  legs  are  practically  incapable  of  movement,  etiffly 
stretched  toward  the  rear,  for  about  five  or  six  hours*  After 
that,  normal  movement  is  possible,  but  the  larva  if  undie- 
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turoed  remains  inactive  for  about  twelve  hours.  Hot  infre¬ 
quently  a  molting  miscarries,  and  this  may  happen  at  quite 
varied  stages  of  the  molting  process.  Thus  e.g.  the  outer, 
old  integument  nay  he  already  loosened  from  the  new  one,  the 
head  retracted,  and  the  last  abdominal  segments  of  the  exuvia 
already  empty,  and  still  the  larva  is  unable  by  efforts  over 
several  days  to  break  the  sXin.  It  also  happens  that  the 
exuvia  does  not  burst  at  the  right  place.  In  all  these  cases 
the  unsuccessful  attempt  at  molting  ends  with  the  death  of  the 
larva.  In  only  two  cases  was  I  able  to  observe  that  a  larva 
had  freed  its  head  and  legs  from  the  exuvia  (in  one  case  with 
my  help)  and  that  the  relatively  long  abdomen  still  remained 
in  the  old  integument.  The  two  larvae  survived;  the  free  ex- 
uvial  parts  broke  off  in  the  course  of  time,  and  the  abdominal 
exuvial  part  burst  —  especially  in  the  intersegmental  mem¬ 
branes  (movements,  expansion)  —  and  was  cast  off  at  the  next 
molting.  —  Deformities  occur  in  the  larvae  from  poorly  molted 
appandages,  especially  mouth  parts  and  legs.  Cases  in  which 
the  mandibles,  feelers,  or  antennae  are  badly  deformed  end  in 
the  death  (starvation?)  of  the  larvae. 

The  freshly  molted  larva  is  almost  colorless  with  the 
exception  of  the  heavily  chitinized  mouth  parts  and  the  ocelli. 
The  tergites,  sternites,  and  pleura  in  particular,  however, 
very  rapidly  take  on  first  a  light  gray  and  then  gradually  the 
final  dirty  dark  gray  coloration  after  about  24  hours.  A  fresh¬ 
ly  molted  larva  can  still  be  distinguished  from  others  for  days 
(especially  by  the  strikingly  pink  posterior  corners  of  its 
tergites  and  by  the  lighter,  flesh-colored  or  livid  white  con¬ 
nective  membranes  between  tergites,  sternites,  and  pleura). 

Molting  into  the  pupa  occurs  in 
the  same  way  as  larval  molting  (Figure  29). 
It  is  preceded  by  a  rest  period  of  8  to 
20  days  during  which  the  larva  assumes  the 
same  position  as  in  the  case  of  a  larval 
molting.  The  time  of  molting  is  dependent 
on  the  local  climate.  Near  Mainz  the  lar¬ 
vae  pupate  usually  in  May;  in  the  harsher 
climate  of  the  Palatine  forest  pupation 
usually  does  not  take  place  until  June  or 
even  in  July,  in  extreme  cases  not  until 
September,  as  I  deduce  from  the  late  ap¬ 
pearance  of  the  Lame vr is  females.  With 
higher  temperature  (room  temperature)  ai'.d 
artificially  curtailed  winter  I  was  able 
to  get  pupae  as  early  as  March. 

Pupation  also  occurs  in  places  pro¬ 
tected  from  light.  The  pupa  is  capable 
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Pig.  29.  Molting  into 
the  pupa  (LsamlA 
male  pupa). 
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of  quite  considerable  movements, 
in  fact  even  of  "locomotion.*' 
Through  the  very  thin, .  trans¬ 
parent  pupal  exuvia  an  increasing 
darkening  of  the  at  first  waxy 
white  imago  nay  be  seen,  but  this 
does  not  reach  its  climax  until 
shortly  before  the  molting  into 
the  imago.  She  duration  of  the 
pupal  period  (not  counting  the 
preceding  rest  period)  differs 
between  the  sexes.  The  males  re¬ 
quire  at  20°  C  from  one  to  three 
days  longer;  this  aay  be  condi¬ 
tioned  by  the  complicated  morpho¬ 
logical  development  of  the  males 
(wings,  eyes).  The  females  of  _ 

lasoyris  take  10-11  days  before  the  inaginal  molting,  the  _ 

males  on  the  average  13  days.  —  In  ?hausis  the  pupal  stage 
lasts  7  days  on  the  average  and  occurs  in  the  same  viay  as  in 
Lacroyris ,  but  with  the  difference  that  the  larva  makes  itself 
a  hemispherical  pupation  chamber  of  about  10  mm  diameter,  open 
at  the  top,  under  a  leaf,  bit  of  wood,  or  the  like  (Figure  30) 
Also  the  increasing  pigmentation  can  only  be  seen  in  the  eyes 
(the  pigmentation  of  the  male  imagines  sets  in  only  after  the 
imaginal  molting;  the  females  remar.  npigmented  throughout 
life). 

In  the  pupal  stage  the  well-known  sexual  dimorphism 
shows  up  for  the  first  time  (Figures  31a, b). 


Figure  30.  Pupation  chamber  of 
Ph°usis  (opened);  male  pupa  and 
larval  eruvia. 


Figure  31a.  Sexual  dimorphism  of  Lamoyris  pupae  (female  left,  male  right). 
Figure  31b.  Sexual  dimorphism  of  Phausia  pupae  (male  left,  female  right). 

The  molting  into  the  imago  is  relatively  quickly  com¬ 
pleted  (often  within  a  few  minutes),  with  very  active  parti¬ 
cipation  of  the  legs  and  the  abdomen,  and  takes  place  for  the 
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Figure  32a.  Molting  into  the  iaago 
(Laarovris  male) . 

Figure  32b.  Molting  into  the  imago 
(Lampyris  female). 

Figure  32c.  Pupal  exuvia  of  a  Phausis 
female. 


32c 

most  part  in  the  late  evening  or  at  night.  The  pupal  skin 
of  the  Lampyris  female  opens  as  in  the  larval  molting  already 
described.  In  the  males  of  both  species  and  in  the  Phausis 
female  it  bursts  along  a  preformed  dorsal  median  line  from 
tne  anterior  edge  of  the  prothorax  to  the  first  and  often  to 
the  second  abdominal  segment.  This  crack  usually  does  not 
tear  laterally  to  both  sides  at  the  caudal  end  to  form  the 
T-shaped  molting  opening  characteristic  of  many  beetles  (Fig¬ 
ures  32a, b,c).  Molting  to  the  imago  miscarries  more  often 
than  that  to  the  pupa.  The  thin  skin  occasionally  tears  in 
a  transverse  tear  between  thorax  and  abdomen;  the  insect, 
left  to  itself,  is  then  only  able  to  shed  the  posterior  part 
and  often  dies  prematurely.  I  was  never  able  to  observe  ap¬ 
petency  behavior,  copulation,  or  egg-laying  in  such  insects. 
Males  with  wings  not  fully  extended,  stunted,  incapable  of 
flight  exhibit  (as  has  also  been  observed  outdoors)  a  sug¬ 
gestion  of  appetency  behavior,  find  females,  and  are  normally 
capable  of  copulation.’ 

The  appearance  and  disappearance  of  the  imagines  is 
also  climate-conditioned.  The  imagines  of  both  species  ap¬ 
pear  approximately  si-ultaneously  in  one  biotope,  but  the 
whole  period  of  appearance  is  over  sooner  in  Phausis  than  in 
Lamp vr is  (Phausis  toward  the  end  of  July,  Lampyris  until  Sep- 
t ember) .  The  main  time  for  both  species  is  June  and  the  first 
half  of  July.  According  to  my  observations  and  those  of  other 
authors  (Hbllrigl  [62],  Knauer  [68],  Verhoeff  1126 j)  the  main 
period  of  appearance  of  the  two  speoies  coincides  chronologic- 
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ally.  According  to  Bongardt  [9,10]  and  I-Iacaire  [76]  Phausis 
appears  later  than  Lampyris  (according  to  Bongardt  by  three 
weeks!).  In  a  four-year  period  of  observation  I  found  that 
almost  all  imagines  (especially  in  the  case  of  Phausis)  ap¬ 
pear  suddenly  in  a  biotope  for  eight  to  fourteen  days  and 
then  disappear;  very  rarely  is  there  a  second  period  of  ap¬ 
pearance.  I  could  not  afford  to  miss  these  main  periods  of 
appearance  and  flight  if  I  wished  to  have  enough  specimens 
for  my  studies  of  reproduction.  The  cause  of  the  sudden  ap¬ 
pearance  of  the  imagines  within  one  biotope  may  lie  in  the 
nearly  synchronous  moltings  under  the  same  environmental  con¬ 
ditions,  for  it  is  a  striking  fact  that  what  has  been  said 
is  particularly  true  of  the  smaller  biotopes  (of  up  to  about 
150  square  meters).  This  also  applies  to  lampyris,  though 
with  somewhat  extended  time  limits. 

The  numerical  ratio  of  males  to  females  is  different 
for  the  two  species.  Por  lampyris ,  since  the  males  do  not 
glow,  I  must  rely  solely  on  experience  in  growing  the  insects. 
For  each  male  there  were  three  females  (18:54).  For  Phausis 
I  can  give  no  precise  statement  in  view  of  the  small  number 
that  I  grew  myself.  The  ratio  was  almost  1:1  (18  males  to  15 
females).  But  since  in  this  case  both  sexes  glow,  it  is  pos¬ 
sible  to  get  some  idea  out  of  doors.  There  the  ratio  shifts 
very  much  in  favor  of  the  males,  about  5  or  6:1  (88:16). 

Toward  the  end  of  the  seasonal  period  of  appearance  the  sex 
ratio  of  both  species  shifts  surprisingly;  males  become  in¬ 
creasingly  rarer,  so  that  females  hatching  late  in  the  season 
often  remain  unmated  in  spite  of  complete  appetency  behavior. 

Because  of  the  importance  of  the  sexual  characteristics 
in  the  reproduction  process,  let  us  summarize  them  briefly 
here. 

Males  of  both  species:  Normal  beetles  with  wings  and 
elytra,  large  eyes,  (of  complex  structure';  see  Chapter  D  I  3)» 
long,  hairy  antennae;  in  the  Lampyris  female  [sic;  surely  we 
are  to  read  "male"  here]  the  larval  luminous  organs  persist, 
but  are  concealed  by  pigment,  while  Phausis  has  two  well-de¬ 
veloped,  functioning  imaginal  luminous  plates  ventrally  in 
the  sixth  and  seventh  abdominal  segments  besides  the  pigment- 
concealed  larval  organs  [see  Note];  smaller  body  size,  espe¬ 
cially  in  the  case  of  Lampyris. 

[Note]  The  larval  luminous  organs  of  Lampyris  consist  of  one  bulb¬ 
ous  process  on  eacn  side  in  the  eighth  abdominal  segment.  In  Phausis  these 
larval  luminous  organs  ore  found  laterally  in  variable  arrangement  within 
the  species  from  the  second  to  the  sixth  abdominal  segment  as  luminous  bulbs, 
odd  or  even  in  number.  Within  the  individual,  however,  the  arrangement  re¬ 
mains  constant  through  successive  meltings.  The  number  of  luminous  points 
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varies  froa  three  to  twelve,  but  most  often  six  are  found,  i.e.  throe  pair 
of  luminous  bulbs.  The  larval  luainous  organs  reaain  capable  of  function 
throughout  all  post-eabryonic  stages  of  development  (but  hidden  in  males  of 
both  species).  The  iaaginal  luainous  plates  of  the  females  (and  of  the 
Phausis  males)  become  active  about  three  to  five  days  before  the  molting  to 
the  imago  (Figure  36a-e) . 

GRAPHIC  NOT  REPROnTTfTPT  P 


Figure  33  a-3.  Luminous  organs  of  the  luminescing  stages  of  Lamnyris  and 
Phausis  (photographed  in  their  own  light).  a)L?opyri3  larva;  b)  Phausis 
larva;  c)  Lamnyris  female;  d)  Phausis  female;  e)  Phausis  male. 


Penales  of  the  two  species:  Snail  eyes,  wingles3  (in 
Phausis  rudimentary  elytra,  incable  of  function),  shorter, 
less  hairy  antennae.  In  both  species  besides  the  function¬ 
ing  larval  organs  iaaginal  luainous  plates  ventrally  in  the 
sixth  and  seventh  abdominal  segments.  Lamp yr is  females  are 
as  a  rule  larger  than  the  males,  of  clumsy,  not  well  articu¬ 
lated  build.  The  larva-like  females  are  almost  sedentary  and 
very  sluggish,  while  the  males  are  typical  very  mobile  beetle 
imagines. 

The  lifetime  of  the  imagines  is  relatively  short  and 
servos  solely  for  reproduction.  (Cf.  the  question  of  intake 
of  nourishment  by  the  imagines,  Chapter  £  IX  1.)  Immediately 
after  the  imaginal  molting  copulation  can  take  place,  and 
after  a  more  or  less  complete  egg-laying  the  females  die. 

The  males  live  about  as  long.  Prom  outdoor  observations  and 
lender  artificial  growing  oonditlons  this  period  is  found  to 
be  for  Lamnyris  males  and  females  about  10-18  days  (?1  :  -Ico 
averaged  12.7,  22  females  14.5  days  at  a  constant  20°  C>, 


for  Phans is  females  7-10  days,  for  Phans is  males  only  about 
5-7  days.  Under  outdoor  conditions  the  lifetime  of  the  males 
of  both  species  is  often  about  l/4  shorter  than  these  figures. 
The  lifetime  can  be  extended  by  preventing  copulation  and  by 
low  temperature  (e.g.  10°  C),  in  ~s.:.royris  females  up  to  ten 
days,  in  Lamoyris  males  only  about  three  days.  In  Phausis 
the  lifetime  can  hardly  be  lengthened  significantly.  The  con¬ 
ditions  mentioned  on  page  54  in  connection  with  egg-laying 
play  an  essential  rSle  in  determining  the  life  span.  Thus  e.g. 
(in  the  Lannyris  female)  the  lifetime  may  be  reduced  by  immedi¬ 
ate  copulation  after  the  imaginal  molting  (only  under  artifi¬ 
cial  conditions),  early  egg-laying,  and  early  death  (to  only 
5  to  7  days).  Similarly  the  life  of  a  male  that  copulates  often 
is  shortened. 

Approaching  death  is  intimated  by  similar  aging  phenomena 
in  both  sexes.  About  1  to  2  days  before  death  the  insects  show 
locomotor  movements  only  in  response  to  mechanical  stimuli; 
movement  then  is  awkward ,  sometimes  more  or  less  uncoordinated; 
the  insects  often  fall  over  and  remain  lying  on  their  sides  or 
backs  without  making  the  turning  movements  that  otherwise  occur 
immediately.  In  the  males  aging  manifests  itself  in  diminished 
inclination  to  fly.  Shortly  before  death  the  insects  are  usu¬ 
ally  found  lying  on  their  sides  or  backs  with  extremities  inter¬ 
twined,  the  tip  of  the  abdomen  curled  ventrally  up  to  the  tho¬ 
rax.  Unmated  females,  which  have  ejected  a  clump  of  eggs  pre- 
mortally,  presumably  are  usually  fixed  in  that  position  with 
the  sticky  eggs.  —  As  a  role  the  luminous  organs  glow  pre- 
mortally  .and  for  several  hours  postmortally.  Males  and  females 
of  Phausis  not  uncommonly  bury  themselves  before  death,  but  I 
have  never  observed  that  in  Lamovris. 

We  shall  discuss  here  only  the  luminescence  which  occurs 
under  natural  circumstances  in  the  life  of  the  larvae  and  pupae, 
and  not  that  induced  by  unnatural  influences  (for  which  see  the 
physiological  literature  mentioned  in  the  introduction,  which 
is  preeminently,  though  in  many  points  contradictory,  a  physio¬ 
logy  of  the  luminous  organs).  She  diurnal  distribution  of  the 
periods  of  luminescence  will  not  be  taken  up  until  Chapter  C 
III  1. 

It  should  be  stated  at  the  outstart  that  the  luminescence 
of  all  post-embryonic  developmental  stages  is  limited  to  the 
definitely  oircumeoribed  luminous  organs  and  not,  as  Czepa  L32J, 
Mac air e  [76],  Meissner  [92],  Verhoeff  [126],  and  Weitlaner 
[137J  state,  distributed  all  over  the  body  (on  this  point  of. 
figures  33  a-e  and  79-81). 

Lampvria  larvae  do  not  glow  continuously.  Bongardt  as¬ 
sumes  on  the  basis  of  superficial  experiments  that  luminescence 
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once  begun  continues,  whether  the  insect  is  willing  or  not. 
Vogel's  observation  that  the  larvae  glow  continuously  during 
the  months  of  the  winter  rest  is  not  valid,  either,  normally 
(i.e.  outside  of  the  larval  or  pre-pupai  rest  periods)  the 
larvae  glow  at  completely  uncontrollable  variable  intervals, 
without  visible  external  cause  (cf.  Figure  38).  bven  the  most 
powerful  mechanical  stimuli  are  incapable  of  inducing  a  glow. 
The  duration  of  luminescence  varies  from  one  second  up  to 
minutes.  Frequently  the  pattern  of  the  luminescence  of  Lam- 
pyris  larvae  is  that  their  light  lasts  for  about  4  seconds, 
reaching  a  maximum  intensity  by  about  the  end  of  the  first 
quarter,  holding  that  maximum  for  about  another  quarter  of  the 
total  duration,  and  then  gradually  decreasing  in  intensity 
until  it  is  totally  extinguished.  The  beginning  and  end  of 
this  "lightning"  appear  to  be  voluntary.  This  is  also  sup¬ 
ported  by  the  fact  that  when  a  larva  that  has  just  begun  to 
glow  is  touched  the  glow  immediately  ceases  (not  always  con¬ 
ditioned  by  the  fact  that  the  larva  falls  down  from  fright  at 
a  touch,  so  that  the  ventrally  located  luminous  organs  become 
invisible,  but  the  luminescence,  as  Bongardt  believes,  still 
continues; . 

^  On  the  luminescence  of  Phausis  larvae  there  are  only  a 
few  observations  (HBllrigl ,  Verhoeff ) ,  but  they  are  all  to 
the  effect  that  Phausis  is  disinclined  to  glow  without  extern¬ 
al  cause,  such  as  fright  or  contact.  I  caught  the  several 
hundred  Phausis  Larvae  by  making  use  of  this  peculiarity.  The 
larvae  also  react  to  loud  noises  (e.g.  of  blank  cartridges). 

If  they  are  stimulated  repeatedly  within  a  few  minutes,  as  a 
rule  the  luminescence  fails  to  occur.  As  Figure  38b  shows, 
however,  they  too  glow  voluntarily.  The  duration  of  lumines¬ 
cence  is  commonly  longer,  but  just  as  variaDle  as  in  lamnvria 
larvae,  but  it  increases  in  intensity  up  to  a  maximum  often 
held  for  minutes  at  a  time  and  then  decreases  to  total  ex¬ 
tinction  of  the  lignt. 

The  larvae  of  both  species  behave  like  the  Phausis. 
larvae  during  the  molting  rest  period  and  the  winter  rest  peri¬ 
od,  during  the  state  of  rest  before  pupation,  and  during  the 
pupal  period,  but  with  the  difference  that  they  light  up  very 
intensively  after  every  stimulus,  no  matter  at  what  interval 
the  stimulus  is  given.  It  can  even  be  brought  about  that  pupae 
or  larvae  in  that  condition  glow  continuously  for  a  fairly 
long  time  with  a  slight  continuous  stimulus.  It  is  probably 
to  this  that  the  description  of  continuously  glowing  pupae  is 
to  be  attributed  (Meissner  and  others),  since  merely  breathing 
or  moving  around  a  table  not  secured  against  shaking  will  pro¬ 
vide  such  a  continuous  stimulus.  Occasionally  larvae  in  a 
condition  of  satiety  react  similarly  to  such  stimuli.  This 
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luminescence  occurring  under  specific  physiological  circum¬ 
stances  can  also  be  induced  at  any  time  in  daylight  or  under 
artificial  lighting.  The  many  contradictory  findings  of  other 
authors  are  very  probably  to  be  attributed  largely  to  this 
circumstance . 

5.  Raising  Fireflies  and  Its  Results 

In  the  literature  there  are  no  reports  of  successful 
raising  of  Larvoyris  or  Phausis  larvae  from  egg  to  imago.  I 
attempted  raising  them  in  glass  dishes  (5  cm  high  and  10  cm 
in  diameter,  which  were  covered  with  glass  plates  and  the  bot¬ 
tom  of  which  was  lined  to  a  depth  of  1.5  cm  with  a  layer  of 
gypsum  which  when  filled  with  distilled  water  provided  for  a 
long-lasting  uniformly  high  atmospheric  humidity  in  the  vessel. 

Large-scale  raising  was  started  within  a  year  (from 
over  4000  eggs).  Plant  and  animal  pests  (Chapter  i)  I  2),  feed¬ 
ing  difficulties,  molting  crises,  the  attempt  to  accelerate 
development  without  a  winter  rest  period  at  a  high  room  tem¬ 
perature  (20°  C)  all  year  round,  and  other  unfavorably  chosen 
ecological  conditions  are  largely  responsible  for  the  high 
mortality.  (Only  60#  of  the  insects  lived  from  September  to 
December,  7#  until  February,  2#  until  April.)  The  animals 
grown  in  ohis  way  were  on  the  average  larger  than  those  of 
the  same  age  under  outdoor  conditions.  Of  the  animals  grown 
in  this  attempt  of  course  none  were  used  for  experimental  pur¬ 
poses. 

After  this  failure  I  investigated  the  various  ecologic¬ 
al  factors  (Chapter  Cl)  and  arranged  the  growing  vessels  in 
accordance  with  the  findings  obtained  and  with  previous  know¬ 
ledge.  The  gypsum  bottom  was  replaced  with  sand,  which  could 
be  more  easily  kept  clean  and  more  easily  changed,  so  that 
hiding  places  for  pests  were  considerably  reduced;  the  larvae 
were  given  a  little  forest  ground  litter  for  cover  (leaf  lit¬ 
ter  for  Lamovris.  mainly  raw  humus  for  Phausis) :  the  growing 
vessels  were  also  protected  from  direct  sunlight  and  always, 
kent  moist;  a  winter  rest  period  of  at  least  one  month  at 
O-50  C  was  observed  (cf.  Chapter  C  III  1  a).  The  greatest 
difficulty  in  raising  them  from  the  egg  is  feeding  the  greedy 
young  larvae  with  correspondingly  small  snails,  up  to  about 
3  or  at  most  5  mm  in  length  (or  in  shell  diameter,  in  the 
case  of  shelled  snails),  which  incidentally  renders  neoessary 
the  raising  of  snails,  not  easy  in  itself.  In  the  slime  of  a 
snail  that  was  too  big  for  them  but  had  been  attacked  anyway, 
or  on  pieces  of  fn**!  put  into  their  vessels,  doaens  of  larvae 
had  often  gotten  stuck  overnight  and  presumably  suffocated, 
losses  at  molting  and  from  the  attack  of  pests  were  unavoidable. 


Because  of  the  long  period  of  development  the  renewed 
effort  to  grow  the  insects  from  the  egg  has  not  yet  been  com¬ 
pleted,  but  after  the  first  year  it  is  running  much  more  suc¬ 
cessfully.  (19#  of  the  larvae  are  still  living.)  The  sup¬ 
plementary  data  on  the  developmental  cycle  and  particularly 
on  its  duration  I  obtained  on  the  basis  of  about  600  Larroyris 
and  about  400  Phausis  larvae  and  imagines  that  I  have  obtained 
from  outdoors  in  the  course  of  the  years.  These  were  for  tuo 
most  part  from  year-old  to  mature  larvae,  most  of  which  I 
brought  through  to  imagines.  I  have  thus  had  one-year  larvae 
under  conditions  of  cultivation  for  far  over  a  year,  and  be¬ 
cause  of  the  difficulty  of  obtaining  Lamovris  males  I  am  con¬ 
centrating  my  interest  entirely  on  these  raising  attempts. 

At  least  with  them  there  were  no  feeding  difficulty.  ,  though 
there  have  been  serious  losses  because  of  pests  and  during 
molting  crises.  Although  so  far  I  have  not  succeeded  in  rais¬ 
ing  the  insects  continuously  from  egg  to  imago,  I  have  been 
able  to  follow  the  entire  developmental  cycle  in  two  stages. 

That  great  losses  must  also  occur  under  natural  outdoor 
conditions  in  their  habitat  may  be  shown  indirectly  by  the 
following  observation:  I  completely  wiped  out  a  small,  well- 
defined  Lamovris  biotope  of  about  30  m2  by  taking  away  all  the 
larvae  and  imagines  during  a  continuous  check  extending  over 
three  years.  During  the  first  year  I  found  6  females.  (They 
were  all  the  females  of  that  period,  for  no  new  generation 
would  be  found. )  If  we  assume  that  all  six  females  stem  from 
one  average  laying  (75  eggs)»  the  loss  would  be  84/«  (an  equal 
number  of  developing  males  reckoned  in;  cf.  page  45).  During 
the  period  of  appearance  of  the  sexual  forms  in  the  second 
year  no  females  were  observed  (in  the  case  of  Lampyris,  males 
cannot  be  checked).  Meanwhile  I  had  presumably  caught  all 
the  larvae,  for  in  the  third  year  I  found  none.  There  were  a 
total  of  56  year-old  to  mature  larvae.  This  number,  too,  shows 
the  great  losses  during  development  in  the  natural  habitat. 

Por  Phausis  the  losses  may  be  estimated  as  lower. 

This  thorough  investigation  of  this  habitat  permits 
conclusions  as  to  the  length  of  the  larval  period  and  so  as 
to  the  total  duration  of  the  developmental  cycle.  Comparison 
of  the  developmental  stages  of  larvae  that  can  be  found  at 
one  and  the  same  time  (in  April i  —  Pigure  34a,  I -I II)  shows 
clearly  three  well-differentiated  size  classes:  34a  I  is  of 
the  same  size  as  the  animals  I  grew  after  8  months,  34a  II  is 
a  20-month-old  larva  that  still  did  not  develop  into  the  imago 
that  same  year*  and  34a  III  is  a  32-month-old  mature  larva, 
which  pupated  in  May.  A  further  indication  of  three-time 
wintering  of  the  larvae  is  given  by  the  fact  that  in  asp^e-oar 
October  I  found  lampyris  larvae  that  in  point  of  aize  were 
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Figure  34a.  Three  Lrmyris  larval  stages  (I— III}  found  at  the  sane  tine  out¬ 
doors  before  the  pupation  season  (April).  I  -  or. e-year-old;  II  -  tvo-year- 
old;  III  -  three-year-old  larva  (on  aillineter-ruled  paper). 

Figure  34b.  Tvo  Phmxsis  larvae  found  at  the  sane  tine  in  Sovesber  (after  the 
tine  of  appearance  of  the  sexual  fores).  Left:  one-year-old  larva,  right: 
two-year-old  larva,  which  pupates  the  next  susnor  (on  uilliae tor-ruled  paper). 

full-grown,  but  had  not  developed  into  imagines  in  the  summer 
just  past  and  lived  through  another  winter.  In  this  case  the 
larvae  (also  according  to  ay  laboratory  f innings)  could  only 
have  been  of  the  stage  represented  in  figure  34a  (II),  which 
did  rot  become  sexual  forms  until  too  following  spring. 

everything  would  seen  to  tell  in  favor  of  a  tnree-year 
cycle  in  laanvris  (with  the  larvae  living  through  three  win¬ 
ters  and  thus  reaching  an  age  of  2  2/3  years).  2he  situation 
is  similar  with  Phnusis:  though  in  this  case  I  have  only 
conducted  the  raising  from  the  egg  for  a  few  months,  the 
laboratory  observations  on  older  larval  stages  in  connection 
with  outdoor  observations  show  a  three-year  oyole  here,  too 
(Figure  34o). 

She  table  on  the  next  page  summarizes  the  findings 
from  growing  experiments  and  outdoor  observations  for  ^aa- 
pvrls. 
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Table  13  feic;  cf.  pace  30 3 


E&J 

ihbryonic  development 

>0-35  days 

Larval 

Stage 

To  1st  malting 

To  2nd  molting 
(To  3rd  molting) 

To  4th  molting 

To  5th  molting 

To  6th  molting 

To  pupal  molting 

7-3  months  (♦  1st  viator  rest  period) 
4  months 

2-3  mor.th3 

6- 7  mor.th3  (+  2nd  winter  rest  period) 
4  months 

2-3  months 

7- 9  months  (+  3rd  winter  rest  period) 

Total  larval  period 

about  33-34  months 

Pupal 

Stare 

Pupal  period 
(male  end  female) 

9  days 

Tntn^wl 

Stage 

<f  adult  rcriod 

ic-v:  d-.-.-s 

9  adult  period  (anted) 
Tine  before  egg-laying 
Period  of  egg-laying 
Tins  after  egg-laying 

10—16  day- 
up  to  13  days 
as  a  rule,  2-3  day- 
as  a  role,  1-3  days 

Total  duration 
of  life  cycle 

about  33-34  months 

IIIi  M919G2  91  SfrsJtem 
LJBmslssL 

b’ith  rogard  to  tho  annual  rnytha  of  larvae  of  the  lespyricae  the 
opinion!  of  different  authors  are  divergent :  according  to  Bongarit  1 10] 
the  larvae  (no  indication  of  species)  are  active  throughout  the  year,  ac¬ 
cording  to  Vogel  1129,131]  they  go  into  "hibernation,"  end  according  to  - 
Prana  Ull  and  Jievport  t§5]  there  is  a  winter  rest  period  dependent  solely 
on  temperature.  The  larvae  of  the  foreipj  (specifically  American)  lsapyri- 
dae  Ukeviso  have  an  inactive  sinter  phase,  often  In  a  burros  they  sake  for 
themselves  in  the  ground  (Hess  C$6]  end  others).  —  As  to  ti'  diurnal  rnytha 
of  activity  there  ere  no  conflicting  observations  in  the  literatures  the 
larvae  have  only  been  found  at  night  by  their  glow. 

According  to  Hess  the  brilliance  of  the  luaiaesccnco  is  also 
directly  proportional  to  the  activity;  according  to  Sevport  nutrition,  no¬ 
tion,  and  heat  are  "light-generating"  factors.  Thoroui*.  investigation*  are 
lacking  in  all  cases. 

According  to  Weber  ilM],  periods  in  the  life  of  the  Intacta  say  be 
determined  not  only  by  periodic  variations  in  the  couples  of  external  fac¬ 
tors,  but  also  by  endogenous  rhythms  of  the  nest  varied  nature,  or  nay  dv>nd 
on  both  exogenous  and  endogenous  factors.  The  diurr.  1  and  annual  activity 
and  iuniTH>aC*ncv  rturtta  of  the  larvae  of  tho  wo  strata*  thus  needed  to  bo 
studied  along  this  line,  but  also  tho  relationships  between  periods  of 
activity  sad  periods  of  luaineacenee. 
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>  w  u  w**v  w~.  »v«.  U  J^ij  d*0  V  .  W  W  O  O 

_  _  •  — *»— _  v>  <»u~«.y  vvm.  ^ -3 ire*  wi* v' o  Ck oc ci"t 

the  larvae  become  i,.:.c  vivo  ^uioo  hoe  end  of  hcvember) 


oo  -cr.j 

Om.Uw  W  W  O  dk^'^Ci^kLa* 

--,0  fj 


i> o  behavior  01  til 3  tvo  specie..  curing  th-  vdatc-r  root  period 
is  v.iffercnt.  ray..  is  makes  issvlf  a  hibernation  hole,  con¬ 
structed  in  the  same  vay  -s  the  pupal  chamber,  it  stays  in 
that  hole  during  the  tint  or  months'  vithout  talcing  nourishment, 
either  in  the  normal  vailing  position  or  curled  up  on  its  side. 

*’  *  "  ■  y  *  ‘  ■  '  '  ' "  normal 


.ter  rest  period  an  i. 


hic.ir._T  place  (under  stones,  leaves,  moss,  and  the  like). 


.•.ctaso-isn.  wc-vcicp— on . ,  ac^— vi*y,  and 
c  reduced  to  a  minimum  during  this  latent 
out  they  glow  at  the  slight- 
11  the  temperature  of  a 
not  infrequently  Lamp vr is 


\mpyris  larva  spends  tr.e  venue 

.y»ii5 

curled  up  on  its  sic 
readiness  to  react  a 
period  in  both  specicsof  larvae, 
eat  vibratory  or  tactile  stimuli. 

uinter  night  rises  to  about  5°  C,  -  -  .  .  . . . . — 

larvae  may  be  found  gloving  and  fully  active  outdoors,  but  no 

?hausis  larvae . 

the  at tempo  to  force  the  development  even  during  the 
v'  -ter  months  at  room  temperature  an-  tne*  usual  proving  con— 

-  -  -  •  observation  vac  .cade:  in  both  species 

completely  died  out  by  deceaber; 

Vig  tv- tj^s ■*  s  larvae  in  some  cases  mace  no— es  and  a— s  ..ecane 

a  larvae  became  sluggish,  many  of  then 

it 


m 

_  mo: 

ditior.s  the  follcvir.g 
the  desire  for  foo 


motionless,  t..e  .  :j .tyrls  larvae  sec: — - - 

inactive,  but  in  contrast  to  rhunsi, ,  occasionally  toon  nourish- 

mcr.t.  in  t; — ■  -at  -i-ey  s-« — *  - 

t ^ •  r. y*\,  v^tarv).  I  had  considerable  -osses  curing  tea. 
t~:c.  H  l".l  0g  r-nc  -omnuris  broods  that  vere  kept  through 
the  vir.ter  .  .onths  or  for  at  least  in  cays  in  the-  refrigerator 
at  -3  to  0  not  only  survived  the  vir.ter  setter,  cut  vnen. 
brought  ...to  room  temperature  vere  .normally  active  a^er  a  few 
nutes  and  too.:  a  moderate  amount  of  r.ourisnnent , _  ou„  vent 
back  into  hibernation  in  the  refrigerator.  2his  cnange  Oi 
^ctivif*  could  be  repeated  often  in  _ar-pyns,  ou«  no.  at  all 
in  F^-urs.  Uurinr  the  winter  inactive  period  ir.  re^rigerauor 
Sfertoecasioaany  obssrrod  of  rater  through 

the  anus,  presumably  to  raise  tne  resistance  *c  co-d  (ng.  o5>  • 

Lhe  activity  of  the  larvae  is  tr.us  suo^ect  to  ar.  annua- 
cycle  in  which  an  active  phase  (seeking  and  taking  nourishment. 
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GRAPHIC  NOT  REPRODUCIBLE 


Figure  b5.  Sliruinition  of  voter, 
(Lnnvrvrir;  larva) . 


presumably  to  r 


too  tlio  rc.aictur.ca  to  col- 


molt  mgs)  is  followed  'ey  a. 
is  total  and  obligatory  in 
to  the  mixed  reaction  type, 
modified  by  climatic  factor 
parcntly  endogenously  fixed 
able  (partial,  facultative 
ness  from  the  cold.  (Cf.  t 
dient. ) 


ulnt or 
Phnusi 
in  wk 


rest  period,  this  diapause 
Itr.nyrlr:  seems  to  belong 
ch  the  inner  rhythm  can  be 


s,  tor  while  the  rest  period  is  ap- 
,  its  duration  is  exogenously  vari— 
diapause ) ,  but  is  not  simple  numb- 
he  behavior  in  the  temperature  gra- 


b)  Day-and-i\i(rht  Periodicity  of  .activity  and  hu.inescence 


me  diurnal  dynamics  oi  insects  is  oy  no  means  a- ways 
set  in  motion  by  the  rhythmic  variation  of  light,  temperature, 
and  atmospheric  humidity,  but  is  also  controlled  by  endogenous 
components  (v/eber  [134-T).  Let  us  consider  the  relation  of 
endogenous  and  exogenous  influences  to  activity  and  luminous 
capacity. 


Outdoors  the  larvae  of  the  two  species  are  as  a  rule 
found  only  at  night,  when  they  glow.  Only  on  dark,  overcast 
days  have  I  found  larroyris  larvae  (not  Phausis  I )  in  the  morn¬ 
ing  or  ev-ning  hours,  normally  they  seem  to  be  inactive  in 
the  daytime,  for  even  in  densely  populated  habitats  search  for 
them  is  fruitless.  The  activity  of  the  larvae  also  appears  to 
be  extensively  adapted  to  the  seasonally  changing  length  of 
day  and  night;  i.e.  the  larvae  always  appear  at  th.  coming  of 
darkness  and  disappear  at  the  beginning  of  day,  and  -his  means 
a  lengthening  of  activity  in  the  spring  and  fall  by  about  six 
hours. 


Because  of  the  difficulty  of  observing  the  diurnal 
variation  in  activity  accurately  outdoors,  experiments  with 
an  actograph  were  set  up. 

This  consisted  of  a  smoked-paper  dram  driven  by  a  .welve-hour  clock 
and  ir.  contact  vith  a  stylus  fastened  to  the  end  of  a  balance  bean.  To  the 
balance  beam  was  attached  a  light  plastic  tube  in  which  filter-paper  inserts 
ensured  a  uniformly  high  humidity  (95-100;$) .  The  dimensions  of  the  tube  wore 
for  Laanvris  45  cm  in  length,  2  cm  in  diameter,  for  Phauais  30  cm  in  length 
and  1  cm  in  diameter.  The  diameter  of  the  tube  was  not  much  greater  than  ih- 
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Tlie  series  of  experiments  gave  the  following  results: 

1.  Normal  day-and-night  rhythm  (day- from  8:00  to  18:00 
at  500  lx  illumination  for  Lampyris  and  500  lx  for  Phausis  ). 
[See  note.] 

[iJote]  The  illumination  of  the  experimental  space  on  bright  days  ran 
about  -500  lx.  'At  that  brightness  Phr.usis  reacted  sgytotactically,  but  was  in¬ 
different  to  a  diffuse  daylight  of  500  lx. 


Limitation  of  activity  to  the  night  hours;  inactive  in 
the  daytime  (Figure  36a, b  [IJ  and  8-13) •  Figure  56a  (I)  c-d 
shows  actograms  of  larvae  sated  with  food. 

2.  Lay-night  reversal  (day  18:00  to  8:00,  illumination 
as  above).  lampyris  maintains  the  active  rhythm  ffo:r  several 
days,  but  is  also  active  at  "night”  (Figure  5oa  lIIj,  a-b); 
the  normal  cycle  is  gradually  broken  down  and  adapts  itself  to 

_  _ _ * _ j _ t  *i  _ _ _ :  h  ^  n  n _ _  .*  _ v. i.  M  ^  ^  M 


5*  Constant  darkness.  Lampyris  is  active  day  and  night, 
with  a  maximum  in  the  night  hours  (Figure  56a^L  ^Phausis 
maintains  the  natural  activity  cycle  (Figure  ;od  L-iiJ,  a,b), 
but  with  preceding  24— hour  constant  light  the  activity  begins 
immediately  after  darkening  (Figure  56b  [ill],  c). 

4.  Constant  light  (lighting  for  lampyris  500  lx,  for 
Phausis  500  lx).  Lampvris :  normal  day-and-night  rhythmis 
gradually  given  up,  after  which  inactive  or  only  minimally 
active  (Figure  56a  [IV],  a-d).  With  subsequent  normal  day- 
night  conditions  the  normal  rhythm  does  not  set  in  again  until 
after  several  days.  —  Phausis :  the  activity  is  immediately 
greatly  reduced  or  ceases  entirely  (Figure  36b  [IVJ). 

5.  Six-hour  cycle,  light  intensity  as  above.'  The  cycle 
was  so  arranged  that  one  period  of  darkness^  would  fall  in  the 
normal  daylight  hours  and  one  period  of  light  in  the  normal 
ni°ht  hours,  so  that  the  short  periods  completely  cut  up  the 
normal  diurnal  cycle  (Figure  36a, b  [VJ).  Lampyris  shifts  the 
period  of  activity  into  the  nightly  dark  hours,  extending  it 
occasionally  for  2  to  2.5  hours  into  the  subsequent  period  of 
li-^ht  (Figure  36a  [V]).  —  Phausis  is  only  active  during  the 
periods  of  darkness,  -and  occasionally  only  during  the  one  that 
falls  during  the  natural  night  (Figure  36b  [VJ).  Since  -be 
factors  of  temperature  and  humidity  were  constant  and  only  the 
lighting  conditions  changed,  the  results  are  to  be  at^riouted 
solely  to  the  effect  of  the  light  factor.  In  Lampyris  the 
endogenous  component  obviously  predominates  at  firsu,  and  the 
endogenous  rhythm  only  gradually  adapts  itself  to  the  exogen- 
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a)  clockwork 

*a)  vessels  containing 
the  larvae 

c)  kymograph  drum 

d)  film  strips 
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Figure  57.  Iv.ocokymograph  to  rccoru  the  diurnal  rhythm  of  luminescence  in  Laa- 
rvris  and  Kt .nsis  larvae.  Explanations  in  tr.c  text. 

A  drum  driven  by  a  twelve-hour  clock  war,  covered  with  highly  sensi¬ 
tive  fils  with  tine  narks  (Ilford  h?0  27/lC°  a  Li) .  A  feu  nill  incurs  above 
the  horizontally  placed  dran  the  vessels  containing  the  experimental  animals 
uere  suspended.  The  botton  of  the  vessels,  which  v/as  turned  toward  the  dron, 
consisted  of  finely  perforated,  transparent  paper;  the  cylindrical  walls  were 
lined  with  noistened  layers  of  filter  paper,  which  provided  for  high,  unifora 
humidity.  The  cover  of  the  vessels  was  m.dc  up  of  a  concave  silvered  mirror 
whose  foc-al  point  coincided  with  the  surface  of  the  fila  and  which  reflected 
all  the  light  fron  the  larvae  upon  the  filn.  The  experiments  were  carried 
out  at  20°  C  and  of  nocessity  in  constant  darkness.  In  each  vessel  was  one 
larva,  which  after  24  hours  was  taken  out  and  not  used  agar...  In  the  vessels 
there  was  no  place  for  the  larvae  to  crawl  away  and  hide.  The  scries  of  ex¬ 
periments  were  repeated  with  at  least  fifteen  individual  larvae. 
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Figure  30.  Rhythm  of  lix3inescer.ee  of  Lv,:-nyrin  onu  Fhausis  larvae.  The  dif¬ 
ferent-sized  markings  indicate  glow  of  varying  duration  (or  varying  inten¬ 
sity)  .  Scale:  24-hour  tine. 

2.  Alimentation 

Concerning  the  alimentation  of  the  larvae  there  are  conflicting  ob¬ 
servations  and  assertions.  The  majority  of  the  authors  report  shelled  snails 
as  the  chief  food  in  captivity  (for  foreign  lampyridse  larvae,  too)  (Fabre, 
Kaddon,  Iic_e,  Eollrigl,  Hutson,  Knaucr,  Main,  Maille,  Meissner,  Newport, 
Vogel),  .-.ccording  :o  Hess,  Knauer,  Main,  and  Meissner  they  also  eat  shell- 
less  snails;  Newport  denies  this.  They  are  also  said  to  take  vegetable  food 
(Haupt,  Knauer,  Olivier,  Weitlaner) .  The  American  lampyrid  ?yr onyga  fenestra- 
lis.  according  to  Hess,  eats  not  only  snails  but  also  worms  and  small  insect 
larvae  with  white  cuticula  (Lentinotarsa  dccemlincata  Say,  Paragrotis  species, 
Peridrona  mrrraritos.a  Eaworth,  Anosa  tristis  Do  Geer) . 

Attacks  on  sr*ail3  have  boon  described  for  lamovrir.  by  Fabre,  Eaddon, 
Hess,  Hutson,  Maille,  Newport,  and  Vogel  [129].  Since  these  observations 
were  made  under  the  most  varied  conditions  in  -captivity,  they  are  incomplete 
and  partially  contradictory  (probably  hcv.:.-!  they  were  not  repeated  cr  not 
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j-ii  the  open  I  found  he. hi.  e_,cciea  feeding  only  on  shell-- 
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--1  z ~ i * 3, o. f ,  ,  fc*.c yy_. c  *« **  ,  .^‘.aI-Co  ,  Oiinu  C!Li  v. o  ?■ .  .**/*.-.  j ,  ozic*  r^/v.v/i^jLs  g^io 
cc.ce  on  a  crushed  blindworm  (.  tL15.s ) .  In  cr/r-ivity 

"^**cy  -Go..  u  . — :.y  _ane  w.ic.i^.3  and  i.no.1 — — ...e..a  snails 

offered  so  then,  ns  long  ns  they  dad  not  excc-oa  a  certain 
disc  (shelled  snails  for  ?h  -.v-i s  not  larger  than  about  10  aa 
in  dia.  .ter  or  height,  for  Ig.. ' e;~: •- .;  up  to  the  sisc  of  full- 
grown  Cor-arvi ;  shell -less  snails  could  be  up  to  about  twice 
as  long  as  the  Phans is  or  Tr-suyris  Larvae).  Besides  the  above- 
sent  ioned  species  they  ate  sesrLan  a  rite,  and  ebssura,  Heli- 
eclia  oricotomn,  striata,  and  can:;:  a.-- ns,  lic-Iix  nomatta.  Ari- 
ssts.  arcustorv.::;,  I  no -most  or  •..  nerscr.atv.:,  hrutlclcola  hi  snida, 
Qxycriius  cellar ius ,  Vitreu  crystalling,  and  ;.rion  species 
(■'..  ornirioonu,  I.  subfuscus ,  A.  hortonsis,  A.  circur.scriptus) . 
But  nary  land  snails  with  tough,  hare ,  or  dark  flesh  they  took 
only  when  hungry  or  scorned  then  entirely  (e.g.  Iina>:  ranxinus . 

L, cinereoni ter,  .hr ion  species,  Cxvohllus  cellar ius  pieces  of 
ole.  specimens  of  helix,  and  the  like) .  from  the  enumeration 
it  will  be  seen  that  the  larvae  even  eat  xerophilous  snails 
that  occur  in  their  biotopes  rarely  or  not  at  all  (Kellcella, 
Zebrina) ;  they  very  avidly  eat  water  snails  (Lynnaea  sta.~r.alic 
and  auriev/h  .ria,  Planorbis  corneus) .  In  captivity  they  also 
take  eartnworns,  frog  neat  and  n an.ua li an  neat  (lean  beef), 
mashed,  dead  larvae  and  mashed  females  of  their  own  species; 
living  or  dead  undamaged  specimens  of  their  own  species  are 
not  attacked  or  devoured.  Systematic  feeding  experiments  pre¬ 
sumably  could  reveal  a  still  more  extensive  list  of  f  v.  is. 

In  particular  it  is  to  be  assumed  that  they  attack  animals  of 
ground  habitat  and  soft  slimy  consistency  and  that  even  in 
the  outdoors  they  feed  on  animal  cadavers  that  offer  access 
through  wounds  to  soft  body  parts.  Older,  slightly  putrescent 
cadavers  (including  those  of  snails)  they  leave  untouched. 

Living  caterpillars  and  maggots  of  various  ground  species  were 
not  accepted*.  In  tests  of  choice  the  larvae  always  preferred 
snails  as  foe...  This  fact  and  the  biological  and  morphological 
adaptations  permit  the  conclusion  '...at  snails  constitute  the 
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stretched  to  the  maximum;  in  this  way  thay  on.',  awoand  to  almost 
double  in  length  ana  width  and  quadruple  their  body  weight. 

A  larva  tnat  has  eaten  ate  fill  in  this-  way  s souks  several  days 
motionless  in  its  hiding-place  (cf.  figures  tea  [l“,  c-d) . 

Both  species  can  also  go  without  food  for  months  at  a  time, 
however.  (At  room  temperature ,  after  five  months  over  half 
the  subjects  wore  still  alive.) 

The  water  requirements  of  the  larvae  are  generally  cov¬ 
ered  by  the  diet  of  snails.  If  insane  of  food  is  prevented 
(for  only  about  four  weeks  at  S5  to  ICC;-  relative  humidity  I) 
the  larvae  eagerly  drink  water,  which  they  can  also  absorb  when 
it  is  held  in  a  capillary  state  (e.g.  from  moist  sandy  soil  or 
filter  paper). 

hater  taken  in  in  too  great  abundance  via  the  snail  diet 
is  eliminated  during  or  soon  after  the  intake  of  food  as  a 
thinly  liquid  urine,  clear  as  water,  which  leaves  crystals  be¬ 
hind  after  drying  out  (uric  acid?) .  This  quick  excretion  of 
water  is  to  be  observed  especially  during  and  after  big  meals, 
and  of  course  makes  it  possible  for  the  larvae  to  take  in  more 
food.  In  addition  the  elimination  of  water  may  improve  the 

greatly  impaired  mobility  of  the 

r -v. - 1 —  sated  larvae.  It  ir  interesting 

/p  ...  .  .  that  urine  is  also  secreted  in 

/  <  cleaning  L the  .South  parts j  after 

/  a  meal  to  soften  the  occasional- 

•  ly  already  dried  snail  slime 
•’  '  ’  (see  below).  The  rest  of  the 

;  .i.y;  .  food  does  not  finish  passing 

[  ■■  ■  ’ '  through  the  intestine  until  a 

I,  •  day  or  two  later,  and  the  indi- 

>•  gestible  remnant  is  excreted  in 

. .  the  form  of  more  or  less  liquid 


Figure  39.  Markins  left  by  feces 
(evidence  against  extraintestinal 
digestion) . 


feces.  This  is  of  a  greenish 
color  and  smells  like  a  smashed 
snail.  A  mature  larva  that  has 
eaten  its  fill  excretes  about 
0.05  to  0.2  csK  of  feces  after 
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ecological  cone.  1  bicaw  Wv..‘o  cc;a  nelly  *:  ion  into  account.  I  ay  c>b— 
cervnoior.s  only  uurin ;  tie  nocturnal  p^rioi-  of  activity  of  the  larvae,  by 
r..i  light  (not  ovv.4  20  lx;  cf.  rm,a  20).  fv.c  prey  uuaa  consisted  of  skilled 
and  ohcil-1  coo  snails  (mostly  various  species  of  Sgrjsn  end.  Li: -.ax  a-matis 
respectively) . 

«)  -Corf  V_  ••  ~  w-w.  of  v-.v.  —  Oaoturc  of  pi-ey  by  both 
species  runs  the  iollovang  course:  Conscantly  checking  the 

surface  of  th-  ground  with  movements  of  the  feelers  a.'.;.  _ ven- 

r.ae,  the-  larvae  folio;:  the  snail.  ihen  the  snail  is  reached, 
it  is  eagerly  felt  over,  faint aining  constant  feeler  contact, 
the  larvae  then  search  —  usually  crawling  along  one  side  of 
the  snail  — for  the  fore  end. 

fot  until  the  fore  end  is  reached  (i.e.  in  the  ease  of 
shelled  snails  and  .Irion  species  about  the  forecost  quarter, 
in  Lir.a:-:  species  the  fora  part  up  to  the  shell)  do  they  begin 
the  attack*.  Usually  opening  the  canal  bias  repeatedly,  they 
feel  so  cautiously  and*  softly  over  the  fore  end  of  the  snail 
that  it  usually  does  not  even  pull  ir.  its  feelers.  Then  with. 

on  of  the  head  they  cake  a  powerful,  rapid 
bite,  usually  in  the  vicinity  of  the  feelers,  after  which  the 
larvae  immediately  back  away  and  retract  the  head  (defense 
posture).  Shell-less  snails  feelers  and  head  as  far 

as  possible  anu  strike  out  violently  with  the  tail,  with  coil¬ 
ing  motions  of  the  whole  body.  Shelled  snails  retire  as  fast 
as  possible  into  the  shell,  luring  these  defensive  movements 
both  secrete  a  more  or  less  great  amount  of  slime,  but  do  not 
fall  from  their  support. 

In  what  follows  it  is  largely  the  further  behavior  of 
the  Lamoyri s  larva  that  id  described.  It  behaves  in  a  way 
that  differs  typically  depending  on  whether  the  larva  has  at¬ 
tacked  a  shell-less  or  a  shelled  snail.  In  the  case  of 
shelled  snails  it  very  coon  gives  up  the  above-described  de¬ 
fensive  attitude,  joes  around  the  retracted  snail  once  or  more, 
always  feeling,  and  finally  climbs  up  on  the  shell,  takes  a 
position  facing  the  opening  of  the  shell,  and  holds  fast  with 
the  pygopodium.  In  this  position  it  keeps  the  opening  of  the 
shell  under  observation  by  feeling  (figure  40).  Often  the 
snail  closes  the  opening  with  a  thin  mucous  membrane  and  may 
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graphic  not  reproducible 


^uiv^  vion  of  tho  opc.-inj. 

ffj.  -  *•■  1  -tv—*  :  larva  W-doa  0.'*  a 

1  •  c.io  z»a 

wii-  i'w.v  w.vi  of  the  fleeing  snail. 

?i"  <2.  .Vwvack  of  several  Ir-myrl:; 
larvae  or.  a  cr.cli-lc.oa  snail  (Lirr.x) : 
bito  always  into  the  fore  cr.d,  even 
when  the  rear  end  cocao  very  close 
to  the  fore  end. 


remain  thus,  inaccessible  to  the  larva,  for  hours.  It  does 
not  force  its  way  into  a  shell  closed  with  a  mucous  membrane 
or  epiphragma.  During  this  time  the  larva  leaves  its  prey, 
if  at  all,  only  for  a  moment  to  make  another  circuit  around 
the  snail  or  to  clean  itself  (see  below).  A  hungry  larva  re¬ 
turns  again  and  again  to  the  snail  shell  and  continues  to 
chock  its  opening.  I  have  seen  larvae  persist  in  this  con¬ 
centrated  lurking  position  for  more  than  twelve  hours.  —  As 
a  rule,  however,  the  snail  tries  after  a  short  time  to  run 
away  with  its  dangerous  rider.  But,  thanks  to  its  constant 
observation*  the  larva  perceives  every  movement  of  the  snail, 
and  as  soon  as  the  latter  comes  out  of  its  shell,  thrusts  its 
head  or  —  depending  on  the  size  of  tho  snail  —  its  whole 
body  far  forward  in  order  to  bite  into  the  snail's  feelers  or 
close  behind  them  (Figure  41).  xhe  snail  retracts  repeatedly, 
secreting  slime;  the  larva  checks  on  tine  shell  opening  from 
the  shell  or  from  the  ground,  and  depending  on  the  size  of 
the  larva  relative  to  the  snail  this  may  be  often  repeated, 
until  the  snail  i3  paralyzed,  often  after  many  hours'.  Final¬ 
ly  the  snail  is  no  longer  capable  of  closing  its  shell  open¬ 
ing  with  slime,  or  it  can  no  longer  hold  fast  to  its  support, 
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part  of  the  body),  and  crawls  under  the  obstacle,  to  reappear 
only  after  a  considerable  time.  But  these  excursions  always 

i  it  is  felt  around  from  all 
;ransport  ends  in  a  hiding- 
meters.  2 hi s  behavior  of 
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The  attache  of  Phausfs  larvae  on  shelled  or  shell-less 
are  less  differentiated.  Both  hinds  of  snails  are  at- 
sud  paralysed  in  about  the  way  that  lar.tyris  attacks 
sheli-lo-s  snails.  But  the  shell  opening  of  shelled  snails 
is  just  _e  persistently  and  carefully  watched.  Only  rarely 
do  Phans is  larvae  climb  up  on  the  shell.  The  Phausis  larva 
usually  leaves  the  paralyzed  snail  right  where  it  is  and  im¬ 
mediately  begins  with  its  meal.  Occasionally,  however,  I  was 
able  to  observe  it,  too,  dragging  its  prey  away. 

Cleaning  up  (Figure  43)  is  a  conspicuovis  activity.  In 
the  case  of  Lannyris  it  is  accomplished  almost  solely  with 
the  pygopodium,  which  is  also  useful  in  locomotion  and  in 
molting,  and  which  consists  of  many  separate  whitish  tubes 
which  can  be  thrust  out  from  the  anus  by  blooapressure  and 
dram  back  in  by  musculature.  The  lamnyris  larvae  are  so 
mobile  that  they  can  clean  all  paras  of  their  body.  The  pygo¬ 
podium  "grasps"  the  adhering  particles  of  slime  and  dirt,  pulls 
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very  sticky  snail  slime  is  onus  ueec...plu-ned  r.ot  cr._y  by  these 
movements  of  the  pygepoaium,  but  simultaneously  by  -  suctionai 
and  adhesive  effect  of  the  pygopediuu.  Ir.  addition  the  larvae 
occasionally  brush  t hens elves  off  with  their  ley-. 

■  In  the  Phausis  larva  cleaning  -.rath  the  pygopobaum  is 
rarely  observed.,  and  because  of  the  clumsiness  of  the  larva 
is  probably  also  less  successful,  for  often  for  days  after  the 
attack  the  larva  as  still  covered  with  slime  on  spots  that  are 
hard  to  reach  (o.j.  tor jit es).  In  Phausis  the  usual  cleaning 
with  the  legs  predominates. 

/3)  Put  :ri:,-.ental  ari~-.lv.tl3  of  the  behavior  and  its  psycho¬ 
logical  components.  She re  had  previously  been  no  experiments 
concerning  the  larva’s  capture  of  pre-y.  But  by  mere  observa¬ 
tion  alone  various  parts  of  the  series  of  reactions  cannot  be 
explained,  such  e. j*.  as  the  vay  of  finding  and  following  the 
snail  (I),  the  finding  of  the  fore  er.d  of  the  snail  (II),  the 
differing  behavior  in  attacking  shell-less  and  shelled  snails 
(’’riding")  (III),  the  causes  for  drugging  away  the  snail  and 
for  the  excursions  that  take  place  in  connection  with  that 
(IV),  and  the  effects  of  interventions  in  the  normal  course 
of  the  predatory  behavior  pattern  (V). 

The  following  experiments  were  done  with  lamnvris  (I, 
1,2,4;  II,  5s., b  with  rhausis  as  well): 

I.  Discovery  er.d  Pursuit  of  the  br.uil 


b’hile  Pabre ,  Hutson,  Haillc,  and  Newport  nuk- 
menfs  on  this  question,  according  to  Haddor.  and  .1 
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sia  pays  no  attention  to  trails  of  nubctancr-'aitra'stic^or  '  ~ 
slimy  consistency  (Figure  44b  I7-VI).  Comoarc  iltl.  this  the 
control  experiment  (figure  44a, c  VII)  without  sli-w  trail  on 
moist enod  filter  paper. 

3 •  Amputations  of  the  foolers  of  antennae  and  nrillao 
(performed  only  or.  Xtrvt>;-yij>).  ..ccordinj  to  Vo -el’s  roc:* iho- 
logical  studies  :123J  the  organs  of  touch  ana  smell  mix' on  the 
antennae  and  foolers.-  Amputation  of  one  or  both  orgs. no  to  the 
base  should  therefore  result  in  corresponding  loss  of  those 
senses.  The  amputation  was  performed  under  CO?  narcosis.  Pour 
days  after  the  amputation  the  hungry  larvae  were  put  into  the 
Y-tube  described  under  2b).  This  yielded  the  results  shown,  in 
Figure  45. 
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Vertical  scale  for  both 
•figures:  number  of  runs  in 
the  two  sharl: 3  of  the  Y-tube. 
Legend  for  Figure  47: 

I:  after  4  hours 
II:  after  30  hours 
III:  after  40  hours 
IV:  after  50  hours 

Sight:  tube  without  sliao 
trail 
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Figure  45.  Following  of  the  trail  of  snail  slime:  Lwr.-pyris  larvae  I  with 
antennae  amputated,  II  with  maxillary  feel  .  waputated.  Loft:  values  for 
the  leg  of  the  apparatus  containing  the  si; — a  trail. 

Figure  47.  duration  of  effectiveness  of  ta-  trail  of  snail  elite. 
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The  ability  to  perceive  uni  folic.:  a  snc.il  thus  appears 
to  celon~  solely  to  the  foolers,  in  which  we  must  therefore 
look  for  the  correspondin';  receptors.  ir.tennaless  animals 
with  feelers  he have  quite  normally  in  those  experiments,  while 
feelerless  ones  with  antennae  do  not  follow  the  slime  trail, 
so  tha«  iu  wSv  ce  ns~ mi o s  sn .  c..e  — . ^ o nn a e  have  no  — un Colon 
in  the •  capture  of  prey.  Voxel's  explanations  cf  the-  cense 
orpans  of  the  antennae  would  have  to  be  revised  (see  Figure  46, 

f  •  w  j  •  a« i  /  •  W-Tl  o-iC  *OOum  0 »*•  ^ Cf S  0 ^  "Ci*G  x  w 

ju'ici  Oil  ~ no  labial  feelers  it  is  obvious  that  no  special 
sensory  cells  are  localised  that  nnha  it  possible  to  pich  up 
and  follow  tha  trail  of  snail  sli.ua.  The  rest  of  the  predatory 
behavior  of  the  larvae  with  amputations  was  normal;  those  with 
no  feelers,  however,  had  to  bs  brought  into  direct  contact  with 
the  snail  each  time. 

4.  Duration  of  effectiveness  of  the  trail  of  snail  slime. 
Y-tube  experimental  arrangement  as  described  in  2b).  According 
to  Figure*  4-7  [page  66  J  Tan-ovris  Iw.vne  car.  follow  a  snail  for 
1  1/2  days,  1  -'.us  is  larvae  somewhat  longer  yet.  For  Fhausis 
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t  —  d— ,  OUgO  yu  j  j  USSV...V— _  CU  t.'.C _ -J„C  Of  StrUC— 

v.Ui.0  c..  t:.c  .;'"i;  .- ua.  tno  pr^c usem'  c.mcutod  turnc  tha 

larvae _  can  sea  not.  only  their  prey  ^o  a  whole,  eat  also  its 
t.ontaca.cs.  -hat  the  larvae  at  a  rule  go  ir.  search  of  food  at 
nignt  te_x.„  against  thie  assumption,  -ir.ee  the  results  of  I. 
do  not  exclude  a  simultaneous  optical  perception,  the  follow¬ 
ing  experiments  were  carried  cut: 

1.  Blind,  hungry  larvae  (eyas  covaroa  with  a  ccm-ing  of 
lampblack  and  shellac)  wore  set  on  a  trail  of  snail  clime. 

The  result  ccrresponued  to  the  observations  presented 
in  Chapter  C  III  2b.  Ihe  predatory  behavior  (finding  the 
snail,  finding  the  fore  end  of  the  snail,  attack,  climbing 
on  the  shell  ii.  uny  y  wire  oro  ojio.  uUCioi*  oosc^Vcioxonf 

dragging  the  snail  away,  and  talcing  food)  took  the  same  course 
as  in  "sighted"  larvae. 

■  2.  Amputation  of  feelers  and  of  head  of  snail: 

a)  Both  pair  of  feelers  of  the  snail  (shell-less  or 
shelled)  were  cut  off  in  succession,  but  the  fore  end  was 
still  found  in  the  attack  (?igure  46). 

GRAPHIC  NOT  REPRODUCIBLE 


Figure  43.  Finding  the  fore  end  of  the  shelled  snail  when  the  snail's  pairs 
of  feelers  have  been  amputated. 

Figure  49.  Finding  the  fore  end  of  the  shoil-lc.se  or.  1:  larvovri :  larvao 
on  a  combination  (fore  end  of  a  snail  on  the  roar  ena  of  another  snail). 
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r'iijuro  52.  Behavior  “c.:ard  z.\ a  cicortorry  •  -y  [(-)  L*v".ryyy;  •  (b)  T'V-~-r,-» 

sis]:  to  the  lof-  of  -.ho  cork  line  alia-  fros  the  fore  cr.c  of  a  or.eal,  to  ~ 
the  ri^ht  (pointed  er.d)  slise  fror.  the 


C**S4« 


along  it  to  the  fore  end. 

d )  -line— free  bite  of  elderberry  pith  at  the  fore  end 
of  the  snail  were  disregarded. 

5.  Complete  dummies: 

a)  In  accordance  with  what  was  learned  from  II  3-4,  an 
elderberry  pith  dummy  crudely  imitating  a  shell-less  snail 
was  smeared  at  one  end  (blunt  end)  with  fore-end  clime,  at  the 
pointed  end  with  rear-end  slime.  She  larvae  bit  into  the 
blunt  end  (Figure  52a)  and  even  dragged  this  dummy  away. 

b)  Since  the  above  experiments  (II  2b-4c)  could  be  per¬ 
formed  only  with  shell-less  snails  (see  the  note  under  2b), 
the  same  dummy  was  tested  with  corresponding  distribution  of 
slime  from  shelled  snails,  and  with  the  same  result. 


Since  Phansis  larvae  react  to  small  interferences  with 
long-lasting  akinesis,  only  experiments  5a  and  5b  of  series 
II  were  done  with  them.  This  check,  however,  confirmed  for 
Prausis  the  same  capacity  for  distinguishing  fore  end  and  rear 
end  of  the  snail  by” the  consistency  of  the  slime  (Figure  52b). 


III.  Cllmbin?  on  the  Shell  and  P.idin^ 

1.  Over  the  mantle  of  a  shell-less  snail  an  empty 
snail  shell  is  mounted.  After  the  first  bite  the  larva  climbs 
on  the  snail  shell  only  in  those  cases  when  the  snail  (or  at 
least  its  fore  er.i)  entirely  disappears  under  the  shell  in 
the  ensuing  lengthwise  contraction. 

2.  Conically  pointed  paper  shells  or  flat-fittin  -  bits 
of  paper  are  climbed  upon  like  the  shells  of  shell-bear ang 
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rrv-- c„*.  V-  -,^-fr  -v—  -•  “---  s-u..a  (fiyvate 

?})•  Under  botn_ convit- on-  .1  a..v.  2)  the  larva  ’•rues"  upon 
vno  Slum —  . emmi — ;g  dee  attack  f'ron  that 

point  .  'G.v^ii  0__G  lie  al'..'iy  G  OriOUGS  itself  ~ *;r  v*fl 
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0*  dr.ollo  or  bits  c_‘  pm;er  that  are  too  oug.11  either 
ore  no*;  cli—md  upon  at  dl  or  the  larva  no  roly  holds  o..  there 
with  its  loyG,  wails  firing  it  tali’  to  the  ground  with  the 
pygopoditiu. 

..'1th  Gkoil-loss  cna-lG  there  is  a  different  situation 
in  that  aitcr  the  defensive  movements  induced  by  the  first 
bite  they  immdiately  attempt  to  floe ,  and  the  larvae  respond 
to  this  immediately  with  pursuit  or  another  bite.  If  the  body 
of  the  snail  is  covered  after  the  first  bite  on  the  side 
toward  the  larva,  the  larva  will  immediately  climb  up  on  the 
cover. 

4.  1  cover  smeared  heavily  with  slime  (shell,  paper, 
and  the  like)  is  rarely  climbed  upon. 


IV.  sc chi nr  a  hlain- -Place  for 


earn/? 


la)  dearly  flat  terrain  without  cover  ( sandy  soil). 

The  larvae  often  run  about  for  hours  with  their  dead 
or  paralysed  prey,  leave  the  prey  to  search  about  for  long 
periods,  and  all  in  all  cover” several  meters'  distance  before 
they  finally  bop-in  to  feed. 

b)  Dense  turf. 

The  larva  either  does  not  dray  its  prey  at  all  or  only 
drays  it  a  short  distance  into  the  thickest  growth.  It  very 
soon  begins  to  feed. 

2a)  The  larvae  of  la)  immediately  accept  leaves,  moss, 
bits  of  paper,  and  the  like  as  a  hi-ing  place  and  begin  to  feed 

b)  If  a  possible  hiding  place  is  put  in  the  way  of  a 
larva  that  has  for  the  memoir;  left  its  transported  prey  and  is 
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o)  -f  true  nrey  is  taken  avav  dur~ *_-  \f-  „  i,-— ■^’  -  ^ 
cicr.,  the  latter  comes  back  'in  accordance  with  >L)  to  -f-V'* 
piaco  where  the  prey  **ae  lying.  when  with  noticeably  irregu¬ 
lar  searcnir.”  movements  (horizontal  and  vertical  novnn-rno  of 
the  fore  part  of  the  body)  it  either  runt  up  ar.d  down  the 
dragging  trail  or  searches  around  in  a  wide* circle. 

V.  Interventions  in  the  _'or...;.l  Predatory  behavior 

1.  If  the  snail  is  taken  a*.:ay  oust  after  it  has  been 
overcome,  the  previously  so  cautious  larva  behaves  as  described 
under  IV  3b) . 

2.  If  this  larva  (of  V  1)  is  presented  with  a  fresh, 
living  snail,  it  repeats  the  entire  attack,  but  without  being 
able  to  overcome  it  even  after  hours  of  pursuit  and  dozens  of 
bites  (see  next  chapter,  2  c  6). 

3.  If  living  snails  are  brought  to  a  larva  that  has  just 
overcome  its  prey,  it  does  not  leave  its  prey  and  does  not  at¬ 
tack  the  new  snails,  even  if  they  crawl  over  the  head  or  under 
the  mandibles  of  the  larva.  Likewise  the  larva  does  not  attack 
living  snails  during  its  excursion,  but  goes  back  instead  to 
the  paralyzed  prey. 

4.  If  a  hungry  larva  is  put  beside  an  already  injured 
snail  or  a  freshly  cut  piece  of  a  snail,  it  begins  —  without 
the  actions  preceding  the  capture  of  prey  (pursuit,  attack, 
etc.)  —  to  drag  the  prey  away  or  to  devour  it  immediately  (de¬ 
pending  on  tue  conditions  of  IV  a,b). 

5.  If  hungry  larvae  meet  a  larva  that  is  dragging  away 
its  prey,  they  immediately  attack  it  in  order  to  carry  the  prey 
a wuy  themselves.  2hey  pull  in  ail  eurections  or  the  majority 
or  the  strongest  larva  "takes  over"  the  direction  and  all  the 
rest,  hanging  on  by  their  teeth,  are  dragged  along  against 
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formation  ox  a  small,  v.;  ..; .  (xa  _  "....  ~.-j  :  'u5  c~  leap, 

1.35  x  1.1  ixs ;  la  a  Ivr-u-:.’  -.a>  c...  1.,:.;;,  vTj  ::  0.55  ;  In 

any  case  the  vholo  bbuy  la  il  r.*aa;  and  slender  'cl  the  above- 
mentioned  lengths,  I_j  -_.•—  xi  to  about  0  nr.  '■  •  —  .-.s  uo 

to  4  ix.i).  I1  ~nyr.v.:  ana  ...  .•_  .  l.-.’.'-o-  oahaoii  ox _ _•  wwiTce- 

tions  to  their  snail  diot!  _v.ux  thx  conncctivj  .:. _ ,rano*  be— 

two  or.  prothora::  and  heau  allors  tkx:x  a  loa_  forr-rd  roach,  and 
the  long  ne...branox  connecting  the  individual  parts  make-  pos¬ 
sible  the  tele*scope-lii:o  extension  and  retraction  of  the  anten¬ 
nae  and  feelers.  Prognathous  location  ox'  the  as  nth  parts, 
marked  hairiness  and  bristliness  of  the  rholc  larva ,  special 
arrangements  of  hairs  on  the  spiracles,  and  the  use  ol  the 
pygopoaium  as  a  cleaning  apparatus  are  other  such  phenomena. 

In  comparison  to  their  close 
~  relatives  ( cant haridae )  the 

.  '  _  mouth  parts  are  markedly  spe- 

:X  A  .z,  cialiscd  (Pi jure  54).  They 

'•■  v/X  '  ’  ’  ,<  shot:  points  of  similarity  to 

-  'J  those  of  the  dytisciuae,  as 

\  ■  may  be  seen  from  Hadden's  and 

!•  \  Vogel's  expositions  for  Lan- 

\  \  svris  and  HSllrigl's  for 

:  *  (  lhausis. 
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Figure  54.  Head  and  couth  parts  of 
a  LciT.Tyyris  larva.  Appendages  of 
the  head  from  outside  to  inside: 
antcnr.ae,  candibles  (and  canals), 
caxillary  feeler  f  external  lobe 
of  the  first  caxilla,  labial  feeler. 


The  intestinal  tract 
(Vogel  i.129] )  is  not  greatly 
adapted  apart  from  the  pharynx 
and* the  muscular  proventricu- 
lus.  Only  those  two  segments 
are  suited  to  serve  as  pres¬ 
sure  or  suction  pumps. 
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wan  ns,  too,  out  ooserves  that  pieces  of  food 
arc-  also. taker,  aircctly  into  the  mouth.  Haddon  ;5-j  and  view¬ 
port  cS5j,  who  also  concerned  themselves  with  food  intake  in 
I  are  vr  is .  make  r.o  statements  about  the  actual  intake  of  the 
food;  Hadden  docs,  however,  postulate  on  the  basis  of  the  hair 
arrangement  a  sieve  effect  during  food  intake  which  would  make 
it  possible  to  take  only  liquid  nourishment . 

Pabre ,  Hess,  Hcwport,  and  Vo -el  state  that  the  bites 
during  the  attack  have  a  poisonous  effect,  but  Vogel,  on  the 
basis  of  his  morphological  studios  (lack  of  venom  or  saliva 
-lends) ,  is  the  first  to  suggest  connections  with  the  extra- 
intestinal  digestion,  with  the  secreted  intestinal  juice 
having  a  simultaneous  toxic  effect  via  the  ganglia  especially 
on  the  locomotive  organs  of  the  snail.  Hut  there  are  no  nore 
precise  statements  as  to  the  effect  of  the  poison  on  the  snail, 
who  snail  is  said  to  be  paralyzed  first  and  then  die  (Newport, 
Vogel)  or  to  recover  after  the  paralysis  (Pabre).  Haddon  de¬ 
nies  any  paralysing  effect  on  the  snail  from  the  bite  of  the 
larva. 

y)  Process  of  Tailing  Nourishment  in  I-amnvrls  and  Phausis 

Statements  concerning  the  intake  of  nourishment  by 
Phausis  are  lacking;  for  Irmuvrls  they  arc  quite  scanty  and 
incomplete  (Vogel  1123 j),  because  when  disturbed  the  larvae 
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can  retract  the  head 


prothorax  while  keening  the 
into  the  flesh  of  the  prey,  and  so" appear  to 


into  the. 

mandibles  sun’*: 

continue  eating.  With  the  shelled  snails  that  most" authors 
have  -fed  to  their  insects  the  eating  proce.ss  cannot  be  seen 
in  any  case.  I  observed  the  food  intake  cfostly  on  shell-less 
snails  or  pieces  of  snail.  But  in  order  to  be  able  to  see 
the  eating  process  in  shelled  snails,  I  used  snails  *.:i';h  deli¬ 
cate  shells  (Sue  cine  a,  Ly:.inr.ca ,  young  specimens  of  C ■;  r- a 
tensis)  which  could  easily  be  broken  in  such  a  way 
pieces  remained  in  place  and  could  be  removed  for  observation 
(under  15  to  20-fold  binocular  magnification) . 


The  process  of  food  intake  is  the  same  for  both  species 
•  of  larvae  and  for  shelled  and  shell-less  snails.  The  slime 
secreted  by  the  snail  during  the  attack  is  not  avoided  (New¬ 
port),  but  is  taken  first,  before  the  larva  gets  to  the  flesh 
of  the  snail.  Chewing  involves  the  mandibles  aha  the  bristle- 
covered,  brush-like  laciniae .  The  mechanical  chopping  of  the 
prey  is  accomplished  (clearly  visibly)  by  the  mandibles,  which 
pound  away  rhythmically  for  hours  aha  even  days  (about  60  to 
100  times  a  minute  at  >15-20°  C ) .  thf 

.scissor  past  each  other /each  crossing  Tinder  and*  over  the  other 
alternately.  In  this  way  the  flesh  is  i£iii^ 
and  when  more  or  less  well  chewed  and  pulverized  is  immediate¬ 
ly  pushed  into  the  oral  cavity.  This  moving  is  accomplished 
chiefly  by  the  laciniae,  whose  bristles  in  the -food-intake 
position  are  pointed  forward  and 'toward  the  median,  in  rest 
position  toward  the  median.  The  laciniae  move  laterad,  their 
lateral  side  then  mb ves  upward,  and  they- thus  shovel  the  chewed 
food  from  right  and  left"  simultaneously  toward  the  oral  cavity, 
moving  me diad  in  the  shoyel  position  described.  This  action 
of  pushing  the  food  in  is  doubtless  effectively  furthered  by 
the  arrangement .  of  the  bristles on y > — 
for  the  bristle-covered  surface,  off erir^gV more; resistance,  is 
better  suited  to  the  transport  of  slimy  ;bit s  of food:  than  a 
smooth  chitinous  surface.  Besides  the  laciniae  the^ inner  man¬ 
dibular  teeth  (which  are  present  only  in • Xaabvris ) :  also  assist 
not  only  in  the  chopping  out  also  in  pusHing  the  particles  in. 
They  complement  the  shovel  action  of  theflacirifae  .The  posi¬ 
tion  of  the  bases  of  the  mandibles  Tdurihg  the  chewihg  motion 
and  the  hairs  with  which  they  are  covered  ,  the  hairs  of  -  the 
lower  inner  edge  of  the  mandibles,  and  the  suction  mechanism 
of  the  pharynx  should  assist  in  conveying  the  food  into  the  in¬ 
testinal  tract . 

The  assumption  of  intake  of  nourishment  through  the 
mandibular  canals",  such  as  ?abre  and  ITewport  report  as  the  ex¬ 
clusive  mode  and  Haddon,  Hess,  and  Vogel  as  occurring  side  by 
side  with  the  normal  intake  through  the  mouth,  is  opposed  by 
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the  sere  observation  that  parts  ox  snails  as  big  as  the  larva's 
head  are  crashed  into  the  oral  cavity,  that  whole  snail  rax'/lae 
three  tines  as  wide  and  many  tines  as  long  as  the  diateter  of 
the  mandibular  canal  are  found  in  the  larva's  intestine,  and 
that  the  tiny  openings  of  the  mandibular  canals  are  situated 
in  a  place  unfavorable  for  insake  of  nourishment . (in  view  of 


tr.e  movement  ox 
suitable). 


uix: 


e  mandibles  the  inner  side  would  be-  more 


ring  the  action  of  the  mandibles  the  larva,  with?  'its 
mandibles  opened  (i),  secretes  every  few.  seconds  a  watery  hya¬ 
line  liquid,' which  seems  to  core' not  from  the  mandibular  canals 
but  from  the  oral  cavity. 

During  the  one  to  two-day  intake  of  food  the  snail  is 
completely  devoured,  so  that  only  the  shell  (in  the  case  of 
shelled  snails  and  species  of  Limas)  is  left.  Occasionally 
parts  of  the  intestinal  tract-  are  also  left,  which  by  their 


carefully  cleaning  itself  at  the  end  of  the  snail  meal,  the  :m_.  • 
larva,  which  is  often  too  full  to  move,  spends  several  days  in 
complete  inactivity  (cf.  actogram,  Figure  26a  (I),  c-d).  • 

£)  Experiments.  Bearing  on  the  Question  . of  Ixtraintes- 
tinal  Digestion  and  on  the.  Poison  Effect  on  the  Prey 

I.  On  the  Question  of  Extraintestinal  Digestion 

The  immediate  intake. of  the  chopped  food  made  possible 
the  following  checks  on  both  species  of  larvae:  7-;;7  '■ 


1.  The  heads  of  larvae  that  had  just  eaten  their  fill 
were  cut  off  and  the  bits  of  food  found  in  the  oral  cavity 
examined  histologically.  Result :  The  cells  of  the  snail  flesh 
showed  no  signs  of  digestion  and  were  almost  all  still  in  the 
tissue  arrangement. 

2.  After  hungry  larvae  had  been  ’lUiinterruptedly  feeding 
for  50  hours  (so  that  the  entire  intestinal  tract  was  filled), 
the  content  of  various  sections  of  the  intestine  was  examined 
histologically .  I  tied  off  various  parts  of  the  central  and 
lower  intestine  so  that  their  content  could  be  studied  separate¬ 
ly.  The  results  were  as  follows: 

a)  Pharynx,  esophagus,  and  proventriculus  are  usually 
free  of  food  ^articles .  The  food  is  presumably  conveyed  very 
rapidly  by  the  observable  peristaltic  motions  of  the  esophagus 
and  by  the  sucking  motions  of  the  pharynx  and  proventriculus 
into  the  greatly  expansible  intestine. 

b)  Upper  and  middle  intestine  (Figure  55a, b):  Tissue 
fragments  and  isolated  cells. 
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Figure  56.  Cell  nuclei  in  the  lover  par-;  of  the  ciddle  intestine  and  the  upper 
rectun,  with  the  cytoplasn  already  digested.  Increase  in  finely  granulated, 

completely  digested  chyre.  -  . 

Figure  57.  Homogeneous  finely  granulated,  completely  digested  content  of  the 
middle  to  lower  portion  of  the  lower  intestine. 

c)  Lower  middle  intestine  and  upper  rectum  (Figure  56): 
Isolated  cells  and  cell  nuclei  completely  liberated  from  the 
cytoplasm;  increase  in  finely  granulated",  completely  digested 
content. 

d)  Central  and  lower  portions  of  the  lower  intestine 
(Figure  57):  homogeneous,  fine-grained,  fully  digested  content. 

J>\  The  middle  intestine  possesses  a  peritrophic  mem¬ 
brane,  which  is  said  to  be  lacking  in  extraintestinaliy  digest¬ 
ing  insects  (Weber  [134]). 

II.  On  the  Question  of  Poison  Lffect  on  the  Prey 

In  the  larvae's  attack  on  shelled  snails  the  snail 
withdraws  into  the  shell  at  every  bite,  and  the  further  pro- 
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.  ..  „  I.,  -r.ell-less  -nails  all  that  Is  observed  externally 

^  progressively  decreasing  capability  of  notion  of  the 
^n,1‘“ai *  wfiicii  has  previously  been  defending  itself  violently. 
i0-:*  “°  ^.c  Jpoint  of  complete  motionlessness.  Durin"  the  at- 
-ac::  apart  from  body  movements  only  the  cardiac  motions  are 
c_ early  observable.  In  the  case  of  transparent  shells  they 
can  oe  seen  directly,  and  in  other  cases  carefully  making  an 
opening  in  the  shell  does  not  disturb  the  cardiac  action. 


1.  Cardiac  motions  of  the  snail  during  the  attack. 

The  slightly  increased  cardiac  frequency  observable  in  a 
Cpjvx?..  hortensis  with  an  artificial  opening  in  its  shell  re¬ 
mains  constant  after  a  few  minutes.  The  experiments  do  not 
begin  until  after  that.  The  normal  cardiac  freouency  of 
Cepaea  when  crawling  fluctuates  between  60  and  75  beats  a 
minute,  that  of  the  snail  resting,  with  its  shell  closed  with 
a  membrane  of  slime,  is  between  50  and  60  a  minute  at  room 
temperature . 


Figure  58.  Example  of  the  variation  of  the  cardiac  frequency  of  a  snail 
(Some a  hortensis)  during  the  attack  of  a  larva.  Explanation  in  the  text, 
a)  Cardiac  frequency  per  minute,  b)  first  bite,  c)  second  bite,  d)  other  bites, 
c)  earliest  beginning  of  feeding. 

An  example  of  the  cardiac  frequency  curve  is  shown  in 
Figure  58.  The  chronological  course  (abscissa)  naturally  can¬ 
not  be  set  down  in  units,  since  the  sequence  of  bites  is  in¬ 
constant  both  chronologically  and  quantitatively.  Since  the 
physiological  conditions  (stock  of  poison)  and  the  ratio  of 


-  79  - 


wilie  or  A^-vu  re  siUu  o„  ~nax_  v„ry,  individual  obcorvat^ o- - 
na^W^  _?iptuvo .  4.  snail  limit  myself  to  a  sua- 

^cuas-on  °-  funeral  caaract eristic  phenomena. 

O'-aj-V^l.c  -.nancy  curve  cc_lovs  the  came  oat  tom 


in  all  experiments : 


or  no  art  oca-. 


.0  one  same  pattern 
—  ter  the  i'irar  (  av.d 


occasionally  after  the  second;  cite,  followed  bv  a  r*.n_  ' 
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vidual  caocg ,  01  c  jur.c ,  t.r^ro  an  otr or  v* atior o  *  ~  « '« ^  ^ ^ 
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cuancy  has  declined  to  abcat  1/2  the*  normal  rate  tnc  first  i_n- 
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verse  phenomenon  occurs  in  the*  sequence ;  the  ventricle  comes 
to  a  stop  and  the  auricle  me  van.  h'ithin  the  pericardium  the 
peristaltic  coatraction-and-dilataf  icr.  phases  run  in  constant 
alternation  from  bach  to  front  and  buck* again.  ..t  Id  frequen¬ 
cies,  below  about  20/min,  -i  dilatation  is  follotma  by  a  con¬ 
vulsive,  violent  contraction,  then  perisystole,  which  may  last 
a  varying  length  of  time.  Vfaen  the" movement  of  both  parts  of 
the  heart  ceases  entirely,  for  a  certain  time  there  still  re¬ 
mains  a  vibratory  motion  within  the  pericardium,  without  ampli¬ 
tude  . 

For  diagnosis  and  to  tahe  account  of  possible  damages, 
in  the  series  of  experiments  described  belov;  the  symptoms  of 
the  cardiac  motions* were  always  noted. 

The  phenomena  described  occur  e.g.  in  a  Cenaea  horten- 
sis  of  6  mm  shell  diameter  after  the  first  l_te  of  a  full-grown 
hungry  larva.  If  immediately  isolated  the  snail  dies  within 
one  day  (no  heartbeat;  it  can  be  easily  pulled  out  of  the  shell 
without  resistance).  Snails  with  a  shell  diameter  of  15-20  mm 
usually  are  not  viable  after  4  to  6  bites  of  a  hungry  full- 
grown  larva.  In  these  cases  the  heartbeat  persists  even  after 
complete  paralysis  of  the  motor  musculature  of  the  body 
(no' reaction  to  pinpricks).  Full-grown  Cetaeae  are  often  over¬ 
come  only  after  days  and  after  dozens  of  bites  (cf.  3)* 

2.  Experimental  Mechanical  Attacks  on  the  Snail's  3ody 

a)  Upon  pinching  with  a  strong,  sharp-pointed  pair  ^of 
pincers  in  various  regions  of  the  body  (especially  in  the  fore 
end),  shelled  snails  withdraw  into  the  shell  and  shell-less 
snails  defend  themselves  as  when  bitten  by  larvae,  with  secre¬ 
tion  of  slime.  After  several  dozen  repeated  violent  pinole 
the  snails  show  no  defects  in  mobility  and  no  effects  duugerca- 
to  life;  the  cardiac  frequency,  -which  normally  goes  up  (by  1/V 
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c)  Pore  ends  cut  off  close  behind  the  mantle  (Umax 
crrrectis  j  often  continue  to  novo  for  hours  without  sign  of 
disturbance  and  with  good  coordination.  The  rear  end,  with¬ 
out  ganglia,  is  incapable  of  any  locomotion. 

Other  severe  injuries  (see  below)  are  survived  for 
hours  and  day*  without  damage  tc  the  actor  mechanism. 

Mechanical  stimuli  and  massive  injuries  which  are  in¬ 
comparably  greater  than  the  mechanical  effect  of  bites  with  the 
mandibles  are  without  influence  on  the  locomotion  and  cardiac 
activity  of  the  snails,  and  in  fact  usually  do  not  affect  their 
vital  phenomena  (except  as  in  2c)  at  all. 

o.  Stock  of  Poison 

a)  If  the  snail  just  paralyzed  (or  killed)  is  replaced 
with  a  live  one,  the  larva  ( Iwnoyri s )  is  r.o  longer  capable, 
even  after  many  bites  (over  Vu),  of  overcoming  its  prey.  Car¬ 
diac  frequency  and  capacity  for  movement  remain  normal;  dis¬ 
turbances  are  only  as  described  under  2. 

b)  The  stock  of  poison  is  exhausted  after  4  to  5  bites. 
Even  small  shelled  snails  which  are  mortally  injured  with  one 
bite,  or  shell-less  snails,  which  react  extremely  sensitively 
to  bites  of  larvae,  endure  an  attack  lasting  hours  without 
injury;  they  are  still  living  weeks  afterward.  —  That  full- 


31 


-ups  £.--50 
nough  in 


the  thick  chin  of  old  snails  «  every  £te 

.  ,  -v*  wCr  uaeux  12  ~o  pd  hov.ru  «he  bite  of  the  •"> 

again  ns.3  its  eticct;  the  stool:  of  'ooison  £.poouy*c  to  '•'■nva 
regenerated  (test  with  the  lurvuo  of  h).  ?P  “a  3  * 


4.  Place  of  Production  of  the  Poison 


Crushed  matter  and  extracts  from  various  part-;  of  h**-:—"’ 
lampvris  larvae  were  injected  into  the  fore  o.w  of  the 
Uor  each  individual  test  10  she!  1-1  ess  and  10  shelled  a.  7T . 
of  various  spocios  and  sisos  were  used.)  Extracts  were  ohtuiuou 
by  crushing  the  corresponding  parts  of  the  leer’s  in  a  mortar 
with  double-di3tilled  water.  Control  injections  with  cure  dou¬ 
ble-distilled  water  in  the  fore  end  of  the  snails  were"  without 
influence  on  the  vital  phenomena  of  the  snails;  they  behaved 
like  uninjected  control  snails.  Experiments  a  to  d  were  re¬ 
peated  three  times.  ’  “ 

a)  Extracted  crushed  material  of  whole  larvae:  Shell¬ 
less  snails  were  dead  after  2  to  6  days,  shelled  snails  after 
9  to  17  days,,  (Here  and  in  the  following  cases  the  first  num¬ 
ber  indicates  the  time  of  death  of  the  first  snail,  the  second 
that  of  all  snails  used  in  the  experiment.) 

b)  Content  of  intestine  and  extracted  crushed  material 
from  the  intestines:  Shell-less  snails  were  dead  after  2  to  6 
days,  shelled  snails  after  6  to  12  days. 

c)  Head  extract:  Shell-less  snails  dead  after  2  to  7 
days,  shelled  snails  after  4  to  10  days. 

d)  Hemolymph:  Shell-less  snails  dead  after  1  to  3  day3, 
shelled  snail3  after  4  to  9  days. 


e)  Intestinal  secretion  injected  into  other  parts  of  the, 
body,  e.g.  visceral  sac,  foot,  and  pericardium,  had  no  fatal 
consequences .  These  experiments  could  be  carried  out  only  once, 
on  one  Oeoaea  hortensis.  for  lack  of  larvae. 

f )  I  repeated  experiments  b)  and  c)  using  an  earthworm. 
When  intestinal  secretion  was  used  the  earthwoxv.  was  dead 
after  2  days,  when  head  extract  was  used  it  was  killed  immedi¬ 
ately! 


These  experiments  show  firstly  that  all  the  extracts 
obtained  from  the  larvae  have  a  poisonous  and  in  the  final 
result  a  fatal  effect  on  snails,  secondly  that  the*  poisons 
from  different  parts  of  the  body  work  equally  well,  and  thirdly 
that  shell-less  snails,  as  in  natural  capture  of  prey,  are  much 
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firsu  few  days  at  all.  la  mhcse  experiments  is  cast  be  borne 

in  r:.ind  tham  the  concentrations  of  she  extracts  were  bound  to 
oe  very  unur.iforn  depending  on  their  origin;  the  tiny  head 
naturally  yielded  the  least  substance. 

ihe  occurrence  ol  substances  poisonous  to  snails  in  so 
many  different  parts  of  the  larva  was  not  to  be  expected.  Ihe 
question  no*.;  is  what  poison  is  injected  into  the  snail  through 
the  mandibular  canals  of  the  larva,  how  it  is  connected  with 
the  mandibular  canals,  and  where  it  is  stored.  We  must  still 
assume  the  storage  of  a  small  stock  of  poison,  for  this  stock 
is  demonstrably  exhausted  after  only  a  few  bites  with  no  visi¬ 
ble  outpouring  of  liquid.  The  intestinal  secretion  is  the 
last  thing  to  assign  the  responsibility  to,  since  iti is ■  secret¬ 
ed  for  hours  at  a  time  during  the  intake  of  food  (which  see) 
and  because  it  has  the  least  effect  on  the  snails. 

3.  Discussion 


the  biological  significance 
in  the  life  of  the  larvae; 


luttme  as  known  concerning 
of  the  rhythms  and  the  time  sense 

occasionally  thisrhas  been  related  to  the  search  for  food  ; 

(von  3udi enbrock  [24] ,  Welsh  [139]).  The  circumstances  of 
the  activity  of  larvae  of  lampyridae  allow  of  such  an  inter¬ 
pretation,  .for  both  the  annual  and  diurnal  rhythm  of  .activity 
(Prboming  [42],  Jaeckel  [66j,  Szymar.ski  [124 J)  and  also  the 
preferred  environment  of  most  snails  coincide  with  the  corre¬ 
sponding  environmental  demands  and  habits  of  life  of  the  larvae. 
For  the  larvae  cannot  overcome  a  shelled  snail  sealed  up.  during 
its  hibernation  with  a  thin  membrane  of  slime.  A  definite 
rhythm  of  feeding,  however,  is  ruled  out  by  the  fact  that the 
larvae  can  do  without  food  for  months.  That  optically foriented 
animals  have  a  monophasal  diurnal  activity  variation,  and  jtac- 
tile,  osnatic  animals  a  polyphasal  one  (Szymanski)  does  not 
hold  for  my  tactile,  osmatic  larvae,  for  they  have  a  definite 
monothasal  activity  cycle.  This  can  be  explained  by  the  fact  *: 
that*  it  is  not  the  diurnal  microclimatic  variations  of  the  :.;  : 

stratum  of  air  near  the  ground  that  determine  the  variation  in 
activity,  but,  apart  from  endogenous  factors,  solely  the  diur- 
nally  varying  conditions  of  light  and  darkness. 


S3 


The  endonomic  rhythm  of  lu 
inexplicable.  They  glow  neither  ■ 
enemies  nor  to  attract  their  prey 


:ir.e scenes  of  the  larvae  i 
o  defend  themselves  from 


me  wnoie  nature  or 
logical  adaptations  to  the 
snails  can  survive  much  ~r 


L,  or  siime  induced 
.ocomotion  (Bronn 
1  form  the  slime 


track  on  which  it  must  crawl;  for  the  locomotor  undulations 
may  still  be  continued  without  the  snail’s  being  able  to  move 
about.  (This  can  be  readily  observed  in  shell-less  forms. ) 

The  bites  of  the  larvae  do  not  act  as  a  "desensitizing  anes¬ 
thetic"  from  the  effect  of  which  the  snail  recovers  (Pabre 
[40]);  they  are  lethal,.  Vogel’s  assumption  [127,129,131]  that 
the  toxic  effect  comes  from  expectorated  intestinal  secretion, 
as  in  the  case  of  extraintestinaliy  digesting  beetles,  cannot 
be  correct,  for  the  stock  of  poison  is  exhausted  after  a  few 
bites  without  visible  efflux  of  fluid,  although  the  larvae 
are  supposed  to  have  the  intestinal  secretion  available  for 
more  than  two  days  afterwards  for  the  "extraintestinal  diges¬ 
tion"  l  But  according  to  Vogel’s  and  according  to  my  own  studies 
the  mandibular  canals  appear  to* be  connected  only  With, the  oral 
cavity  (and  of  course  by  way  of  it  with  the  intestinal  tract ) . 

In  my  infection  experiments  it  is  conspicuous  that  the  extract 
of  the  tiny  head  has  lethal  effects  that  are  disproportionate¬ 
ly  more  powerful  in  comparison  to  the  higher  concentrations  of 
the  abundant  intestinal  extract.  That  justifies  the  assump¬ 
tion  that  there  is  in  the  head  of  the  larvae  a  small*  quickly 
exhausted  poison-producing  or  poison-concentrating  apparatus, 
such  as  Vogel  himself  might  have  found  to  the  number  of  four 
in  whe  anterior  bases  of  the  pharynx .  He  interprets  these,  of 
course,  as  organs  of  taste.  But  these  structures,  described 
by  him  as  pouch-shaped  complexes  of  cells  with  markedly  vacuo- 
lized  content  (i)»  in  view* of  their  glandular  nature,  hardly 
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Figure  59.  Vogel’s  "pbsryngscl  organs  of  taste”  (fro-  Vogel  ['123] ,  page  395). 
Cross  section  through  the  anterior  tart  of  the  pharynx  and  .one  pair  of  the 
pharyngeal  organs  of  taste.  Fixative:  absolute  alcohol.  Staining:  -eosin- 
hor.  Legend:  Dilat.,  dilatators  of  the  pharynx;  Hz.X. ,  nuclei  of  spiral- 
cortical  cells;  Hyp.,  hypoderais;  l.Fha.C.,  left  pharyngeal  organ;  XI.,  neuri- 
lsnxa;  Xl.K.,  nucleus  of  neurilema;  Pha.Bo. ,  base  of  pharynx;  Pha.D.,  roof 
of  pharynx;  Po.Pl. ,  censillae  placodae  of  the  pharyngeal  organs;  r.Pha.O. , 
right  pharyngeal  organ;  Vac.,  Vacuoles.  Zeiss  ocular  2.  E.Ian.  l/l2.  Zeiss 
apparatus. 

suggest  sensory _ cells  (Vogel  [l2S],  page  335,  figure  59). 

[Sic;  c£.  ^,!l128  j”  with  the  same  page  reference  tinder  Figure 
59  above.] 

Through  the  'oases  of  the  mandibles,  situated  forward 
toward  the  entrance  to  the  pharynx,  an  easier  communication  of 
the  mandibular  canals  with  the  pharynx  is  achieved.  £  Because 
of  this  important  specialization  the  mouth  opening  of  the. ^lar¬ 
vae  of  lampyridae  is  relatively  very  small.  *  This  calls  for  a 
good  pulverization  of  the  food,  which  (according  to  Vogels  too) 
can  be  accomplished  splendidly  by  the  mandibles.  Aided  by;  the 
peculiar  location  of  the  hair-covered  parts  of  the  mouth  organs 
and  by  the  suctional  function  of  the  pharynx  and  perhaps;  also 
the  pr o vent ri cuius,  the  normal  transport  of  undigested*.fdod 
has  no  obstacles  in  its  way.  According  to  Haddon *s  [51 3  and 
Vogel’s  portrayals  the  bristle  arrangements  on  the  mouth  parts 
serve  as* a  sieve  apparatus  which  prevents  the’ entry  of  solid 
food  particles  into  the  oral  cavity.  It  is  evidence  against, 
the  filter  effect  that  pieces  of  food  are  taken  and  that  whole 
snail  radulae  that  are  larger  than  the  unexpanded  mouth  opening 
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ncrpnoiooica*  findings  in.  teas  -i.rgnz ,  c.rav.’in  *  nee  coeo...'. 
as  a  morphologist ,  without  attempting  the  difficult  direct  . 
serration,  it  is  significant  that  Pabre  and  Vogel  speak  of 
o :•:  t  r  alr.t e s t in al  digestion  only  in  connection  with  a  diet  of 
shelled  snails.  By  virtue  of  their  shells  they  are  conceivably 
quite  well  suited  to  that  scheme;  the  entire  snail  is  suotosed 
to  be  "liquefied"  simultaneously  in  the  shell”  into  a  "bouillon" 
(Pabre )  or  to  a  "tough,  viscous  broth”  (Vogel).  But  the  lar¬ 
vae  of  the  lampyridae  also  eat  shell-less  snails  and  other 
(shell-less)  animals  just  as  readily/ 1  Direct  observation  shows 


that  the  already  chopped  food  disappears  immediately  and  rela¬ 
tively  quickly  into  the  oral  cavity)  so  that  it  is  subjected 
to  the  digestive  juice  much  too  short  a  time  to  be  "digested" 
before  being  taken  into  the  intestinal  tract.  The  histological 
examinations  of  the  chyme  from  the  oral  cavity  and  from  the  in¬ 
testinal  tract  confirm  this  and  refute  Vogel's  histological 


findings.  The  mode  of  function  of  the  mouth  parts  and  of  the 
pharynx  and  also  the  consistency  of  the  food  offer  none  of  the 
necessary  prerecuisites.as  assumed  for  extraintestinal  diges¬ 
tion  generally  (Jordan  [67],  von  lengerken  [72]).  Moreover 


the  larvae  of  the  lampyridae  lack  various  adaptations  or  char¬ 
acteristics  typical  of  extraintest inally  digesting  insects, 
such  as  diverticula  especially  of  the  lower  part  of  the  midlie 
intestine  for  absorption  of  the  liquefied  chyme  and . isolation 
from  the  intestinal*  lumen  and  so  from  the  digestive  secret! cm  , 
and  a  minimal  defecation  as  a  result  of*  the  almost  total  re¬ 
sorption  of  the  pre orally  liquefied  chyme  (Blunck  [7]).  A  peri- 
trophic  membrane,  lacking  in  such  cases  (Weber  [134];  is  present 
in  the  larvae  of  the  lampyridae.  The  larvae  do,  however,  elimi¬ 
nate  a  secretion  at  irregular  intervals  during  the  intake  of 
food.  This  is  not  eliminated  through  the  mandibular  canals 
with  the  mandibles  closed,  as  during  the  attack,  —  a  thing 
that  is  quite  visible  in  biting  into  elderberry-pith  dummies, 
and  occasionally  also  with  mechanical  and  chemical  stimuli,  — 
but  through  the  mouth  opening  with  the  mandibles .  opened . :  But 
it  will  be  clear  from  what  has  been  said  that  this  is  no  extra- 

intestinal  digestion  in  the  measure  described  by  Pabre  and  . ... 

Vogel;  in  this  secretion  (presumably  from  the  intestine)  I  see 
rather  a  "salivation"  of  the  food,  the  transport  of ^ which  and 
its  sucking  into  the  pharynx  are  thereby  facilitated. 


-  86  - 


OGisCn 


f  W  w  —  —  ~“  *"'  v  ^  w  ^  w  ^U^%X03  • 


-  was-  trace  oi  production  and 
„■  >  however.*  would  recuire 


*>  "1  Z**'  ■ 

.  _'w  —  W 


:e  ratal  Behavior) 


.. - vr- -.. 


of 


.•a  :.v.  a  r  escer.ce 

"■'•  h':  ~r  Hb” 


Lu...ir.ruo  cvj-.ns  with  ir.aracollui' r  luminescence  occur  in  all  develop- 
.  .-..w  l  sv.y.c  oi*  \.n«  native  cud  i ’o.-.hga  Icapyridoo  so  .far  ir.vcswi3a.ted  (thouga 
ecc  .«i.v.v.lly  hiddar.  by  pigncr.t  in  the  union).  Such  (25l  distinguishes  four 
tyy.es  of  light  u-tscion  in  firefii u:  1.  continuous  glowing,  2.  intermittent  - 
;lc  .log,  y.  pul  action,  and  4-.  flashing.  The  gloving  of  the  eggs  of  our  lanpy- 
r.^ao  corr^epon-e  to  typo-  1;  I  put  the  larvae  and  females  of  both  species  with 
type  2,  tnile  the  lu:..inescir.g  rhcur.le  sale  would  belong  to  the  third  type. 

Tuc  .leericun  leeepyrid.ae  one  the  south- European  huciola  species  belong  to-  the 


A  Um.  W*. 
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ote  J. 


...otej  uaese  on  ny  own 


observations  of  Inciola  lusitanica  and  Luciola 


Gorier  [49I,  01  it -or  Bo,  57]  and  sc  so  not  belong  to  the  sexual  behavior  a£'iy. 


I for  exact  reference  see  Harvey,  553,  Hacaire  C 76 3,  Olivier  [96,97],  Perkins 
ClOlJ,  toitluner  [157,153],  end  ficloviejcici  f 1403 ) . 


* 


suite  the  enormous  literature  and  the  diversity  .off:  *  " 


;tior.  so  freer,  luminescent  power  and  sexual  behavior' 


since  been  accented  and  generalised  for  all  lampyridae|in;|both 


German  and  foreign  literature,  regardless  of  the  widely  vary¬ 
ing  structure  and  differing  behavior  of  those  species  as  com¬ 
pared  to  our  native  ones  (cf.  Chapter  D  all).  . 

'There  were  thus  the  following  questions  to  be  clarified: 
1.  i‘he  normal  sexual  behavior  of  the  two  species,  2.  the.  behav¬ 
ior  with  resteet  to  light,  >•  structure  and  oiological  function 


C  **7 
^  i 


of  the  eyes  in.  comparison  of  the  males  and  females  of  the  *r.ro 
^pecic-s,  4-  unalj^sis  of  the  "female  oat  tern"  of  the  tv  o  so  — 
cies_pcourri ng  simultaneously  in  the’ same  b&etooeV**  **" 

. normal  Sexual  Behavior  in  lemtyris  noctiluoa 

and  fhausis  so  lend!  aula  in  thevlfat-uril~"H»bitat 


Observation  of  the  normal  behavior  of 
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m  their  natural  habitat  was  the  starting  point,  fo: 
mental  part  of  the  studies  of  the  sexual  behavior. 

a).  Day-viyht  Rhythm  of  Activity  and  of  Luminescence 


li: 
even: 

p.m.  xxie  maxes  vaeimitexy  venxiaoxe  cmy  ;xor  the  -Lumines¬ 
cing  Phausis  males)  do  not  fly ‘until  about  30-60  minutes  be¬ 
fore  tne  females  begin  to  glow,  but  are  active  before  that  time 
simultaneously  with-  the -females.  Such  individual  female  leaves 
her  hiding  place  at  a  fixed  time,  within  a  range  of  5>  or  in 
exceptional  cases  10-15  minutes.^  Just  as  constant  times  of 
appearance  are  given /by  Hast  [32]  and  Buck  [20 j  for  Phot  inns 
pyralis.  The  female  assumes  a  definite  posture  for  glowing, 
(cf.  appetency  behavior)  and  remains  ih  that  posture  until  to¬ 
ward  midnight,  in  rare:  cases  an  hour. or  two  .longer.  During 
the .last  few  days  before  death  the  female,. .  after  assuming  the 
glowing  posture,  runs  around  in  a  circle  of  about  50  cm  in 
radius,  only  to  glow :again  afterwards '^h-the typical  posture. 
This  procedure  nay  ;  be-  regularly  ^repeated  in  the  /course  o*f  the 

. vafter  midnight 


■ 


fixed  individually/  as  their  appearance My^decoy  experiments 
(which  see)  also  cbnf  irm^ythe;  limitation  of  -  the  absolute  acti- 
’  -ty  phase '  •  (noft^qr^  )  to  >11:00  or  at/most 

12:00  p.m.  ;  Ih  Phst^sis^male s  X- observed  toward  the/endl of  the 
activity  periodvmore/jor-  less  vigorous  scratching  or  digging 
motions ,  perf ormedi; With^he  !legs  and,:  the  lowered  p^othorax. 

As  a  rule*  the  males  stop  flying  30-60  minutes  ;.eaiiier  than  the 

both 


The  rest  of  the  time  --  'after.:  midnight  arid  during  the  day  — 
the  imagines  are . in hiding ,  in  fallen  leaves,,  in  the  matting 
of  grass  roots,  under!: stones  and  they:  like;  they  are  completely 
inactive  and  do  not  lumihesce  unless  they  are  disturbed’ or  are 
in  the  premortal  stated  Where  some  investigators  have  found 
a  more  or  less  powerful  glow  during  the  day  they  must  have  had 
tne  last-mentioned  cases  before  them. 
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observations  —  over  or  foreign  lanoyridae  — _ agree  or.  this 
point  vi oh  nine :  .-.Hard  Ledted  in  Harvey,  53 j?  2uck  j. 20^ , 
Hooo^loSj,  last  i.S2j,  lowport  l95j,  Yerhoeff  i.1261.  Yeber 
i.l3o  j ,  ar.d  others.  There  is  an  ins  ores  t  i  ay  exception  in  the 
imagines  of  Ivroovaa  fare straffs  Hols.,  observed  by  Hess, 
which  in  contrast  00  their  larvae  have  neither  luminous  organs 
nor  a  nocturnal  activity,  but  are  pronounced  daytime  animals. 

b;  Sexual  Anostency  Behavior 


.-.hat  follows  is  chiefly  a  discussion  0: 
bohavior  during  the  above- mentioned  periods  of  activity  and 
luminescence,  which  finally  lead  to  or  induce  copulation.  The 
sexual  appetency  behavior  is  largely  the  same  in  the  two  spe¬ 
cies. 

The  sexual  appetency  behavior  of  the  male  during  his 
activity  phase  consists  essentially  of  a  swam  flight  and  the 

preliminary  activities  connected  with  it.  After  leaving  his . 

hiding-place  the  male  makes  an  effort  to  climb  up  on  all  ob¬ 
jects  projecting  above  the  ground;  the  elytra  sire  carried  some¬ 
what  spread  laterally  and  hanging  down  a  little.  When  the  end 
of  the  object  is  i-eached  the  real  preparations  for  flight  be¬ 
gin:  wide-angled  spreading  upward  of  the  elytra,  unfolding 
of  the  aiae  with  the  aid  of  the  prehensile  tip  of  the  abdomen, 
which  is  curved  high  under  the  wings  for  the  purpose,  and  start 
The  horizontal  speed  of  flight  (observations  chiefly  of  the 
Phausis  male,  which  luminesces  and  is  therefore  easier  to  ob¬ 
serve)  is  hardly  greater  than  1  m/sec,  and  on  the  average  only 
50-50  cm/sec  or  even  slower .  The  flight  is  carried  out  at  a 
low  altitude  of  0.50-2  meters  above  the  ground  and  is  largely 
dependent  on  the  terrain  or  its  plant  cover.  Generally  in  case 
of  uniform  plant  cover  (e.g.  greensward)  an  average  altitude 
of *1  m  is  maintained,  light  contact  with  an  object  triggers  a 
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claspin';  reflow  of  the  -car, 
catching  the  males  easily  without 

If  the  male  cor. so  to  a  1 
in  the  flight  ca; 
frora  a  height  01 

3T0S.Z  accuracy.  for  ....yerauentaa  invest!  -ration  cf 
landing,  glowing  -enaloa  tnro  put  into  a  piuo~  svliiw*  ... 
an  diameter  and  15  cm  high.  Over  65yS  of  the  fliV'-.ta  c  .oi  « 
side  the  cylinder,  the  rest  in  a  circle  cf  at  most  2C  or.  oat- 
side  it.  (Cf.  eye  investigations.  Chapter  D  I,  5.)  After  an 
inaccurate  flight  the  male  runs  toward' the  female  with  very 
hasty  movements  (not  otherwise  customary);  if  the  sight  is 
obstructed  by  ground  plants,  he  immediately  climbs  to  an  on- 
posed  point  and  flies  toward  the  female  from  it.  She  last 
case  may  be  repeated,  or  combined  with,  the  first,  depending 
on  the  circumstances,  or  it  may,  presumably  because  of  sight 
difficulties,  still  not  lead  to  union  with  the  female  flown 
toward,  even  after  a  running  about  of  varying  length  and  execu¬ 
ted  with  hurried  movements;  then  the  male  suddenly  flies  away. 
—  In  the  diving  flight  the  elytra  and  wings  must  be  folded 

quick  as  a  flash  into  the  rest  position,  for  even  in  landings  . 

from  low  altitude  (about  20-30  cm)  they  are  in  the  normal  posi¬ 
tion  on  the  back  when  the  insect  strikes  the  ground.  More 
rarely  a  spiral  path  of  flight  is  observed,  which  is  probably 
to  be  attributed' to  imperfect  folding  of  the  wings. 


During  the  searching  flight  the  Phausis  male  glows 
strongly  and  continuously,  but  with  somewhat  fluctuating  in¬ 
tensity.  (Lampyris  males  glow,  but  hardly  visibly;  cf.  pages 
45-46. )  The  statements  that  crop  up  everywhere  in  the  litera¬ 
ture  about  an  irregular  flashing  of  the  males  must  te  due  to 
inaccurate  observations,  for  if  one  follows  the  flight  from 
normal  observational  perspective  (standing),  the  ventral 
luminous  organs  of  the  males,  which  are  for  the  most  part 
flying  lower,  are  repeatedly  covered  by  the  abdomen.  In  addi¬ 
tion  the  restless  up-and-down  flight  hinders  a  continuous 
line  of  sight  to  the  luminous  plates.  If  the  observer  lies 
on  his  back  he  can  easily  assure  himself  in  clear  weather  as 
to  the,  continuity  of  luminescence  during  flight.  —  It  is  only 
when  leaving  his  hiding-place  and  climbing  to  a  take-off  point, 
and  again  after  a  landing,  that  the  male  shows  an  irregularly 
fluctuating  glow,  which  usually  does  not  attain  the  intensity 
usual  in  flight. 


The  flight  is  a  quite  typical  and  pronounced  lifting 
flight.  The  abdomen,  which  is  relatively  mobile  for  a  beetle 
(in  Lampyris  males  longer  than  the  elytra l )  hangs  down  almost 
vertically  in  flight,  the  tip  of  the  abdomen  usually  curved 
forward  a  little  in  the  ventral  direction.  The  position  of 
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the  center  of  gravity  conditioned  by  this  posture  (center  of 
gravity  behind  and  below  the  point  of  attachment  of  the  wings) 
retards  progressive  motion,  but  promotes  the  "dipping"  flight 
also  observed  in  American  fireflies  (McDermott  [83]),  which 
apparently  can  be  even  be  regulated  by  movements  of  the  abdo¬ 
men.  With  movement  of  the  abdomen  into  the  vertical  position 
the  flight  becomes  on  the  whole  less  suited  for  horizontal 
motion  and  more  favorable  for  vertical  maneuver. 

In  the  female  the  following  takes  place  during  the  period 
of  "activity"  and  luminescence:  Not  shining  or  only  slightly 
glimmering  (mostly  with  the  larval  organs),  the  female  leaves 
the  daytime  hiding  j>lace  to  seek  out  an  exposed,  elevated  place 
(stone,  blade  of  grass,  or  the  like).  If  a  female  is  put  on  a 
flat  surface,  she  hunts  until  she  finds  such  a  suitable  place, 
often  tries  over  an  hour  to  climb  up  a  glass  wall,  and  accepts 
any  object  introduced  immediately  as  a  her  gloving  place.  The 
glowing  posture  is  typical,  and  though  it  is  executed  differ¬ 
ently  in  the  two  apeoies,  it  is  such  that  the  ventral  luminous 
organs  are  turned  upward.  The  most  usual  glowing  posture  of 
Lampyris  females  is  like  the  normal  walking  posture  with  the 
difference  that  the  abdomen  is  twisted  like  a  screw  in  the 
lengthwise  axis  by  90  to  180°,  so  that  the  luminous  organs 
beneath  the  stemltes  of  the  posterior  abdominal  segments  are 
turned  upward  and  the  corresponding  tergites  downward.  At  the 


Figure  <0.  Meeftag  pcstares  of  me  feaale,  cm  sere  or  leee  plane 

elevated  pleees  (a)  art  ea  sere  or  lees  vertical  objects  (b). 


same  tins  the  tip  of  the  abdomen  is  thrust  upward  slightly  to 
the  side  (Figure  60s).  On  thin  vertloal  objects  the  spiral 
dislocation  of  tbs  abdomen  is  occasionally  looking  or  imper- 


graphic  not  reproducible 


Figure  61.  Olovioc  posture  of  the  fsaalo. 

fectly  executed;  the  female ,  clinging  to  the  object  with  her 
head  up,  bende  the  abdomen  in  the  ventral  direction  more  or 
less  at  a  right  angle,  ao  that  in  this  case  too  the  luminous 
organa  are  expoaed  upward  (Figure  60b).  —  Phausls  females  in 
all  oaaea  merely  curve  the  tip  of  the  abdomen  upward  from  the 
normal  walking  posture;  occasionally  the  entire  body  is  dia¬ 
gonally  Inclined  upward  toward  the  back  from  the  support  (Fig¬ 
ure  61;.  This  makes  not  only  the  ventral  inmginai  luminous 
plates  but  also  the  dorsally  visible  larval  luminous  bulbs  ef¬ 
fective.  The  females  of  both  species,  if  undisturbed,  remain 
motionless  in  thair  gloving  places,  gloving  continuously  with 
maximum  intensity,  until  the  end  of  the  daily  period  of  activ¬ 
ity.  This  very  continuity  of  luminescence  in  the  females  of 
the  two  speoies  is  a  quite  fundamental  difference  in  the  sex¬ 
ual  behavior  as  compared  to  the  American  and  South-Buropean 
(Luclola)  speoies.  If  fampYTlt  females  are  disturbed  by  mild 
meohanioal  or  luminous  stimuli,  ths  gloving  posture  is  given 
up  and  the  luminesoenoe  decreases  depending  on  the  intensity 
of  the  stimulus  down  to  a  weak  glimmer,  but  after  a  short  time 
—  even  in  the  oase  of  repeated  disturbances  —  the  complete 
gloving  posture  is  resumed.  After  powerful  stimuli  or  when 
disturbed  toward  the  end  of  the  period  of  activity  and  lumines¬ 
oenoe  ths  female  oravls  away  and  hides  and  does  not  reappear 
on  the  same  night.  —  The  Phausls  female  is  far  more  sensitive. 
A  mere  breath  or  a  vibration  can  upset  her  so  that  she  oravls 
away  and  hides  and  does  not  appear  again  on  the  same  night.  — 
The  normal  end  of  the  period  of  activity  and  luminescence  is 
signaled  by  females  of  both  speoies  by  giving  up  the  gloving 
posture,  gradually  reduo ing  the  luminous  intensity  (the  larval 
organs  as  a  rule  retaining  their  bright  glow  longer  in  the 
oase  of  Xfmzif!  the  imsglnal  organs  in  Phausls).  and  seeking 
the  hiding  pines.  Host  of  them  oSoose  the  same  hiding  place 
again,  although  they  have  innumerable  similar  refuges  avail¬ 
able  nearby. 
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In  conclusion  an  interesting  intensification  of  the 
female  appetency  behavior  should  also  be  mentioned.  Unfertil¬ 
ized  Lamnyris  females  toward  the  end  of  their  lives,  while 
largely  retaining  the  normal  glowing  posture,  make  beckoning 
or  rotating  movements  of  the  abdomen,  and  at  the  same  time  the 
external  genital  appendages,  which  are  otherwise  enclosed  by 
the  terminal  segments,  are  protruded  and  retracted  with  circu¬ 
lar  motions  at  arrhythmic  intervals.  In  "old"  females  of  both 
species  it  is  also  noticeable  that  they  occasionally  give  up 
the  glowing  posture  several  times  in  an  evening,  run  about 
restlessly,  and  begin  to  glow  again  at  a  different  place.  Both 
these  phenomena  are  doubtless  expressions  of  the  heightened 
sexual  appetency  behavior. 

Bongardt  [9,10],  von  Bronsart  [13],  HSllrigl  [62],  and 
Khauer  [68 J  report  that  they  have  found  females  (at  least  of 
Lampyris)  lying  on  their  backs,  and  they  interpret  thin  as  a 
special  evidence  of  the  sexual  nature  of  the  luminescence.  I 
cannot  confirm  this.  Of  the  far  above  200  females  of  the  two 
species  that  I  have  observed  outdoors  and  in  the  laboratory, 

I  have  never  seen  one  lying  on  the  back.  It  is  evidence  against 
this  that  the  females  never  willingly  relinquish  the  contact  of 
the  tarsi  with  the  object  they  are  resting  upon,  that  when 
placed  on  their  backs  they  always  immediately  execute  turning 
movements  (Chapter  B  II  5;»  and  that  copulation  with  a  female 
fastened  in  position  with  the  back  down  never  succeeds  even 
after  attempts  at  oopulation  on  the  part  of  the  male  for  over 
an  hour.  Vith  females  in  the  normal  position  oopulation  takes 
plaoe  in  a  very  short  time,  even  in  the  case  of.  dead  females. 

(On  this  point  of.  the  next  chapter.) 

si  ffiaalallfla 

The  following  applies  to  both  speoies  if  not  otherwise 
specified. 

In  immediate  proximity  to  the  female  the  behavior  of 
the  male  changes.  The  movements  become  more  hurried,  almost 
unsteady,  and  the  antennae  are  moved  violently  and  rapidly. 

As  soon  as  the  male  touches  the  female,  the  female  gives  up 
the  glowing  posture.  The  male,  vibrating  fast*  immediately 
mounts  the  female  regardless  of  which  direction  he  approaches 
her  from,  and  thrusts  out  his  copulative  organs.  Proper 
orientation  to  the  longitudinal  axis  of  the  female  is  accom¬ 
plished  immediately  by  the  male's  holding  fast  on  both  sides 
to  the  sharp  edges  of  the  tergites.  The  position  rear  end 
to  rear  end  is  achieved  after  more  or  less  nasty,  occasional¬ 
ly  (especially  in  the  case  of  Ibausls)  repeated  moving  about 
on  the  female  with  lightning-quick  turns,  the  male,  with  vio¬ 
lent  movements  of  the  antennae,  apparently  remaining  la  fairly 
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Figure  62.  At  tbe  touch  of  tho  aolo  after  the  flight,  the  feuele  glees  up 
the  glowing  posture;  orientation  of  tho  aele  to  the  f seals  fy.— <™th»  pair). 

Figure  63.  After  proper  orientation  the  uule  "hunts"  for  the  feuale  genital 
opening,  noting  backward  and  with  oopulative  organs  pro  traded. 

long  oontaot  with  the  head  or  with  the  tip  of  the  abdomen  of 
the  female  (Figure  62).  Upon  correct  orientation  to  the  fe¬ 
male  the  plnoer-like  paraaerea  open  and  close,  with  simultane¬ 
ous  exploratory  movements  of  the  entire  copulative  organs  (of. 
Figure  100).  In  response  to  this  taotils  stimulus  the  female 
raises  the  tip  of  the  abdomen  slightly.  (This  nay  also  be 
Induced  experimentally  with  a  soft  brush.)  The  sale, 

after  making  oontaot  with  the  fore  end  of  the  1-1.5  time* 
larger  female,  mores  relatively  slowly  back  along  the  femala'a 
back,  continuing  to  "hunt"  with  the  copulative  organs  in  the 
interaegaental  membranes  of  the  tergltes,  pleura,  and  aternites 
(Figure  63)*  These  experiments  usually  last  as  long  in  Fhauais 
as  the  oopulation  Itself,  while  Lawwin  usually  achieves 
coupling  within  a  few  seoonds.  During  ooition  (Fig;  64a, b)  (in 
Fhauais  about  15  minutes,!  IjWTrtl  20-90)  the  female ' a  light 
Intensity  quickly  drops  as  a  rule  to  a  glimmer  or  the  lumines¬ 
cence  disappears  entirely.  In  eases  where  the  luminescence 
continues  with  undiminished  Intensity  for  a  while  after  coup¬ 
ling  is  achieved,  other  males  (according  to  field  observations) 
gather  depending  on  the  population  conditions,  and  in  a  wildly 
agitated  struggling  tangle  around  the  female  they  try  with 
lowered  prothorax  to  push  away  the  already  copulating  male. 

In  this  crowding  the  pair  get  Into  all  possible  positions. 
During  coition  the  female,  except  for  slight  movements  of  the 
abdomen,  ordinarily  rsmslns  completely  still}  the  male  moves 
the  antennae  at  lover,  frequency  than  during  the  orientation 
sad  coupling  attempts.  The  male  often  appears  to 

fall  into  a  oopulation  xm  hardly  disturbed 

In  oopulatlve  attempts  or  during  actual  ooition  by  mid  photic 
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Fleur*  64.  Copulation  position  in  Lsamrria  (a)  and  Phauais  (b) . 

and  tactile  stimuli.  Phauais  males  immediately  separate  from 
the  female *  flee  or  play  dead.  The  fact  that  light  stimuli 
(not  above  200-400  lx)  do  not  disturb  copulation  in  Laaovris 
is  in  harmony  with  the  fact  that  Lampyrls .  in  contrast  to 
Phauais.  copulates  in  diffuse  daylight.  No  changes  are  ob¬ 
servable  in  the  copulation  behavior  under  these  conditions. 
Phauais  males  are  ready  to  copulate  1  to  2  hours  before  and 
after  the  normal  period  of  activity.  After  copulation  the  fe¬ 
male  crawls  away  and  hides*  but  the  male  does  not  always  do 
so,  for  at  least  in  laboratory  experiments  copulation  can  in 
both  species  be  repeated  several  times  (with  the  same  or  other 
females).  Thus  I  observed  two  learner*  ■  males  that  after  a 
10-15  minute  pause  each  time  performed  4  and  5  copulations 
respectively  of  normal  duration  (20*  25*  36,  60  and  48*  40, 

50  minutes).  This  repetition  of  copulation  within  one  activi¬ 
ty  phase  or  within  the  brief  Imagine!  period*  often  observed 
(in  the  laboratory),  is  not  characteristic  for  short-lived 
insects.  Occasionally  after  separation  the  igmwnMa  male  re¬ 
mains  on  the  back  of  the  female  in  the  copulation  position  but 
without  further  attempts  at  copulation  and  is  carried  around 
by  the  female.  I  was  no-  able  to  observe  such  behavior  in 
Phauais. 

d)  Perversions 

Among  males  of  both  speoies  attempts  at  copulation  not 
infrequently  occur  (observed  both  in  the  field  and  in  the 
laboratory)  (Figure  65).  The  males  show  the  same  behavior  as 
toward  females t  mounting  the  beok  of  a  male*  hasty*  uncon¬ 
trolled  movements,  vibration,  searching  for  the  genital  open¬ 
ing  with  protruded  copulative  organs,  orientation  on  the  male. 
Oopulatloo  attempts  between  males  were  observed  of  over  an 
hour's  duration.  While  most  of  the  attempts  at  copulation  do 
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fUpiT9  £5.  Attempt  of  two  !•— [JUT4*  sales  to  eopulato. 


not  load  to  union,  in  one  case  I  observed  an  actual  copulation 
of  two  Lampyrls  males,  where  the  penis  with  the  paramerea  had 
penetrated  between  the  sexual  appendages  of  the  other  male  and 
was  anchored  fast  there.  The  intensity  of  sexual  excitement 
seema  to  be  in  no  way  diminished  in  homosexual  copulation  at¬ 
tempts.  The  "attacked**  male  usually  runs  about  constantly  but 
without  being  able  to  shake  off  the  perverted  one.  —  That  this 
perversion  has  little  connection  with  luminescence  is  clearly 
shown  by  ■  males,  which  do  not  luminesce  and  in  whom 

nevertheless  homosexual  relations  occur  oftener  than  in  the 
luminescing  Phamais  males,  often  proving  a  hindrance  in  decoy 
experiments .  Among  the  males  of  American  lampyridae  copulation 
attempts  have  been  observed  by  McDermott  [86]  in  Photinus  mar- 
minollua  and  Pvractonena  borealis  and  by  Buck  L21J  in  Photinus 
pvrallai  these  are  forms  with  not  very  marked  sexual  dimorph¬ 
ism twinge  and  functioning  luminous  organs  in  both  sexes),  in 
which  homosexual  activity  is  easier  to  explain  than  in  our 
native  apeoles  with  extreme  sexual  dimorphism. 


I  found  an  inexplicable  peculiarity  in  Phausls  females. 
In  one  night  X  found  17  females  of  that  species  at  an  uncom¬ 
mon  altitude  for  Fhausle  females  —  30-50  cm  above  the  ground 
—  glowing  in  perfeot  glowing  posture,  thder  the  usual  condi¬ 
tions  of  captivity  12  of  these  females  died  overnight,  and  the 
rest  during  the  day.  Subsequent  examination  showed  that  these 
noticeably  flattened  females  had  not  a  single  egg  left  in  their 
ovaries.  This  is  the  only  oase  in  which  X  have  found  complete 
sexual  appetency  behavior  of  the  females  after  egg-laying. 
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er  in  use  at  the  present  time.  When  I  was  working  in  the  open 
with  an  almost  burned-out  pocket  flashlight  Lampyris  males  did 
occasionally  fly  up  to  me ,  but  so  >rarely  that  female  luminous 
decoys  at  any  rate  were  more  effective.  Nothing  was  known  of 
positive  phototaxis  in  Phausis  males,  and  I  could  not  attract 
them,  either,  in  the  open  by  using  pocket  flashlights  of  vary¬ 
ing  strength.  Bugnion  probably  observed  best  when  he  stated 
that  Lampyris  males  come  near  (0  lamps;  presumably  just  not 
near  enough  to  get  into  the  light  of  the  lamp,  which  is  too 
strong  for  them  [see  Note].  The  experiments  of  McDermott  [84, 
87],  Mast  [82],  and  Buck  [19,21]  concerning  the  signal  system 
of  American  lampyridae  were  carried  out  with  matches,  candles, 
pocket  flashlights  and  the  like,  without  imitation  of  the  fe¬ 
male's  luminous  field.  In  nearly  all  cases,  of  course,  the 
males  showed  definite  positive  phototactic  reactions  when  the 
flashing  was  done  according  to  certain  flash  patterns. 

[Rota]  Cand.rer.aat.  W.  Bather  lnfons  a#  that  la  catching  Insects  at 
night  with  a  carbide  lamp  he  has  caught  Laawrrls  sales,  which  to  be  sure  did 
not  fly  directly  to  the  source  of  light,  but  flew  around  the  leap  at  a  certain 
distance. 

My  observations  on  the  imagines  (males  and  females)  of 
our  two  native  species  of  lampyridae  showed  over  and  over  that 
they  reacted  with  both  positive  and  negative  phototaxis  toward 
artificial,  light. 

ft?  fhPWMfll 

Positive  phototaxis  is  clearly  proved  for  male  imagines 
at  a  definite  intensity  by  the  possibility  of  attracting  the 
males  of  both  species  by  the  female  light  or  by  artificial 
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petri  dishes  in  various  decoy  experiments  also  ran  toward  the 
light  decoys  when  they  happened  to  get  near  them.  In  fhftwgla 
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dependent  behavior  was  also  found.  If  the  overheadlighting 
of  the  roon  (about  500  lx)  was  switched  on  during  the  active 
period,  the  imagines  (males  and  females  of  both  species)  crawled 
Sway  and  hidtlhe  males  immediately  stopped  glowing,  dropped 
to  the  floor,  and,  with  eyes  covered  with  the  prothorax,  went 
in  search  of  a  hiding  place*  the  females  reacted  somewhat  more 
slowly  (especially  the  Phausis  females),  but  also  cessed  to 
glow,  gave  up  their  glowing  poeturs ,  and  crawled  away  to  hide. 
After  a  few  minute*  of  darkness  their  complete  eexual  appeten- 
o,  bAnrtor  na  r*«tor*4.  Vut  did  Mt  di.turt  th.  In- 


sects  in  their  activity.  They  thus  appeared  to  react  posi¬ 
tively  or  negatively  pototactically  depending  on  the  inten¬ 
sity  of  the  light.  This  question  will  be  studied  below  for 
the  males  of  both  species.  Gradually  increasing  and  decreas¬ 
ing  (measurable)  changes  in  intensity  of  the  lighting  during 
the  insects'  activity  period  were  tried.  Since  the  movement 
phase  necessary  for  these  experiments  lasts  in  the  females  of 
the  two  species  only  from  the  time  of  leaving  the  hiding 
places  to  the  assumption  of  the  glowing  posture,  and  so  is 
very  brief,  the  change  from  negative  to  positive  phototaxis 
was  investigated  only  for  Lampvria  females  and  rather  crudely. 
It  took,  place  between  200  and  500  lx.  That  the  glowing  fe¬ 
males  attract  each  other  mutually  was  never  to  be  observed. 

(See  Table  15.) 

Results  (Table  15):  With  gradually  decreasing  inten¬ 
sity  the  behavior  took  place  in  reverse  sequence.  The  change 
from  positive  to  negative  phototaxis  is  not  sharp  (sharpest 
in  Phausis  males),  since  not  all  individuals  react  with  equal 
sensitivity  to  light.  To  arbitrarily  selected  intensities 
the  insects  reacted  as  shown  in  the  Table,  even  in  the  case 
of  change  from  2000  to  20  lx;  within  5-7  minutes  the  males  were 
active  and  positively  phototactic,  the  females  (more  sluggish 
in  general  than  the  males)  after  about  15-20  minutes. 

Negative  phototaxis  was  exhibited  by  male  and  female 
imagines  when  exposed  (at  500  lx)  to  green,  yellow,  red,  and 
blue  light,  red  light  having  a  less  powerful  effect,  especial¬ 
ly  on  Phausis  males.  While  they  assumed  the  characteristic 
posture  for  great  light  intensity,  they  did  not  crawl  away  to 
their  hiding  places  until  the  subsequent  illumination  with 
normal  light  (500  lx). 


b)  Scototaxis 

The  ease  experimental  arrangement  described  for  the  larvae  vas  also 
used  for  the  imagines  and  is  illustrated  in  the  same  way  (Figures  66a, b). 
Here,  however,  the  petri  dish  was  lighted  to  1000  lx.  The  experiments  were 
carried  out  with  10  insects  each  during  the  nightly  activity  phase. 

The  males  of  both  species  showed  definite  scototaxis. 

In  Figures  66a, b  A  the  males  of  the  two  species  were  all  at 
the  dark  wall  after  10  minutes  (e).  The  positions  (e)  in 
Fig.  66a  B  were  helt  by  Lamp.vris  after  10  minutes,  by  Phausis 
(Fig.  66b  B)  after  15  minutes.  Comparison  of  the  path  dia¬ 
grams  of  Fig.  66a  B  with  those  of  66b  B  shows  that  Lampyris 
males  react  more  quickly  and  exactly  than  Phausis  males.  The 
males  assumed  at  the  dark  wall  the  well-known  posture  assumed 
under  too  powerful  light  (prothorax  as  shade,  head  retracted). 
They  eeldom  left  the  dark  wall  (especially  Lampyris),  and  if 
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Table  15  (continued) 
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Figure  66a.  Scototaxls  in  Lamnvria  noctlluca.  A  and  B,  males;  C,  females. 
Meaning  of  symbols  as  in  Figure  20a;  further  explanations  in  the  text. 


Figure  66b.  Soototaxis  in  Phausls  splendlduli.  A  and  B,  males;  C,  females. 
Meaning  of  symbols  as  in  Figure  20a;  further  explanations  in  the  text. 
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they  did  they  always  went  back  to  it  (e.g.  Figure  66b  B  3). 

The  females  of  the  two  species  showed  no  scototactic 
reaction  or  no  definite  one.  The  behavior  of  the  female  in 
Figure  66a  C  2  might  suggest  that  when  she  got  very  close  to 
the  dark  wall  she  did  perceive  it.  The  paths  of  the  other 
females  (for  clarity  only  a  total  of  two  are  shown  here)  are 
like  that  of  no.  1.  The  location  of  the  individuals  of  the 
two  species  after  30  minutes  allow  of  no  positive  statements 
either. 

c)  Experimental  Work  on  the  Dav-Night  Rhythm  of  Imagines 

The  question  of  what  determines  the  day-night  rhythm 
is  generally  interesting  in  the  case  of  luminescent  animals, 
and  is  especially  important  if  we  wish  to  appraise  their  be¬ 
havior  under  largely  normal  conditions. 

There  are  two  opinions  as  to  the  relation  of  the  day- 
night  activity  rhythm  to  the  luminescence  of  the  firefly  ima¬ 
gines:  1.  that  this  rhythm  is  a  periodic  phenomenon  largely 
independent  of  immediate  environmental  factors  (Mast  [82J), 
and  2.  that  the  periodicity  can  be  modified  by  environmental 
conditions  (Allard  [sited  according  to  Harvey,  33],  Buck  [20], 
Perkins  [lOl],  Rau  [109],  Newport  195]). 

That  the  temperature  variation  normally  occurring  in 
summer  plays  no  part  in  the  appearance  of  the 'imagines  has  been 
shown  in  Table  14.  The  same  table  also  shows  that  with  natural 
variations  of  the  intensity  of  daylight  (with  cloudiness, 
storms,  earlier  onset  of  darkness  with  the  advancing  eeason) 
the  activity  begins  earlier  (repeatedly  observed  in  both  males 
and  females!!).  On  the  other  hand  full  moon,  street  lighting, 
and  the  like  cause  no  delays  in  the  period  of  activity  or 
inhibitions  of  activity  such  as  Czepa  [31]  and  others  report. 

In  this  connection  I  should  like  to  mention  again  the  summary 
(Table  15)  which  shows  that  the  imagines  remain  active  at  low 
light  intensities.  Checks  at  the  habitats  show  that  ev«n 
modem  neon  street  lighting  hardly  reaches  an  intensity  of 
more  than  15-20  lx,  and  thus  does  not  reaoh  the  effective  in¬ 
hibiting  range. 

The  series  of  experiments  (I  to  V)  on  this  problem  were 
carried  out  with  our  native  lampyridae  (the  other  authors'  re¬ 
sults  were  obtained  chiefly  with  the  American  lampyrid  Photinua 
pyralls) .  at  a  constant  room  temperature  of  21°  C  unax.  +2°C) 
and  at  100£  relative  atmospheric  humidity  (IXI-V  predominantly 
with  Lampyris  females,  sinoe  the  males  were  urgently  needed 
for  deooy  experiments).  The  insects  were  kept  for  at  least 
24  hours  before  the  beginning  of  the  experiment  at  normal  un¬ 
disturbed  day-night  rhythm  in  the  experimental  vessel  (petri 
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dish  30  cm  in  diameter  and  with  the  most  natural  possible  bot¬ 
tom).  Observations  were  taken  hourly  and  in  many  cases,  e.g. 
at  the  beginning  or  end  of  the  normal  activity  phase,  quarter- 
hourly  or  half-hourly.  The  series  were  repeated  several  times 
and  were  checked  over  a  period  of  24  to  72  hours.  (The  short 
lifetime  of  the  imago  must  be  borne  in  mind,  and  also  the  fact 
that  in  most  cases  it  will  already  have  lived  several  days  in 
the  open.)  The  number  of  experimental  animals  was  never  less 
than  ten. 

Experiments  on  the  normal  day-night  rhythm.  (1) 

First  we  were  interested  in  the  effect  of  artificial 
changes  in  intensity  within  the  natural  activity  rhythm. 

a)  Two  petri  dishes  (A  and  B)  were  both  occupied  by 
males  and  females  of  both  species.  In  B  were  control  subjects 
exposed  to  the  normal  daily  rhythm  (but  with  constant  humidity 
and  temperature).  A  was  lighted  from  17:00  on  with  500  lx  of 
diffuse  lamplight  (»  average  daytime  brightness  of  the  labora¬ 
tory).  At  that  time  all  the  insects  were  hidden  under  leaves 
and  the  like,  completely  inactive.  The  control  subjects  began 
to  glow  at  20:50,  while  the  animals  in  A  remained  in  their 
hiding  places.  At  20:30  [sic]  A  was  darkened;  after  5-10 
minutes  all  the  males  were  active,  and  after  15-20  minutes  the 
females,  always  more  sluggish,  showed  the  complete  sexual  ap¬ 
petency  behavior  (glowing  on  an  exposed  spot  in  the  glowing 
posture).  After  30  minutes'  darkness  A  was  again  lighted  with 
the  same  intensity;  within  10  minutes  all  the  males  had  dis¬ 
appeared  into  hiding  places;  the  females  stayed  in  glowing 
posture  for  a  little  while,  with  gradually  decreasing  intensi¬ 
ty  of  luminescence,  but  after  20  minutes  were  in  their  hiding 
places.  This  change  was  repeated  toward  midnight  with  the 
same  results,  except  that  the  insects  became  active  noticeably 
more  slowly  after  the  darkening  (at  23:45)*  At  about  the  same 
time  the  control  insects  ceased  their  activity  (the  males 
earlier  than  the  females). 

b)  Experimental  conditions  as  in  a).  The  insects  (A) 
were  subjected  continuously  from  17:00  to  24:00  to  500  lx. 

They  all  remained  inaotive  and  did  not  glow.  From  24:00  on 
darkness  was  provided;  after  3  minutes  all  were  active,  and 
after  15  minutes  all  the  females  exhibited  complete  appetency 
behavior  (the  first  after  only  6  minutes).  They  glowed  until 
about  2:30  with  undiminished  intensity  and  shortly  after  3:00 
gradually  stopped  glowing  and  orawled  away  to  hide,  —  after 
about  2  1/2  to  3  hours l  The  control  subjects  (B)  were  active 
toward  21:00  and  gradually  oeased  their  activity  about  23? 30. 
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Constant  Darkness  (II).  With  constant  darkness  after 
preceding  normal  day-night  rhythm  the  insects  —  at  whatever 
time  of  day  —  left  their  hiding  places  immediately  or  after 
1  to  2  hours,  but  did  not  glow  or  glowed  only  with  a  faint 
glimmer  (in  the  case  of  the  females  mainly  with  the  larval 
luminous  organs);  the  females  sought  out  exposed  places,  but 
left  them  again  or  stayed  there  often  for  hours  without  glow¬ 
ing,  either  in  the  normal  walking  posture  or  in  the  glowing 
posture.  About  2  to  3  hours  before  the  controls'  usual  time 
the  insects  became  maximally  active  and  showed  normal  sexual 
appetency  behavior,  which  died  out  before  midnight.  During 
the  remaining  hours  of  the  night  they  behaved  as  described  above 
usually  not  looking  for  hiding  places  but  showing  little  or  no 
activity. 

Although  the  normal  strict  rhythm  of  activity  and  lumi¬ 
nescence  seems  somewhat  disturbed  by  constant  darkness,  still 
the  recurring  24-hour  rhythm  is  essentially  maintained,  but 
appears  somewhat  prolonged  in  its  active  phase  through  earlier 
beginning. 

Constant  Light  (500  lx)  (III).  Sven  with  constant  il¬ 
lumination  for  several  days  the  insects  (here  only  Lanmyria 
and  Phausls  females  were  tested)  remained  motionless,  not 
glowing,  for  several  hours  in  the  same  posture  (in  one  case 
for  28  hours). 

Day-Night  Reversal  (IV).  When  the  vessels  were  darkened 
at  a  normal  daytime  hour  (e.g.  8:00  a.m.)  after  several  days 
of  constant  brightness,  the  insects  (Lamoyris  and  Phausls  fe¬ 
males)  within  10-15  minutes  showed  compleie  sexual  appetency 
behavior  for  about  3  hours.  This  observation  prompted  me  to 
create  periodio  reversed  day-night  conditions  by  illumination 
at  night  (from  18:00  to  8:00  with  500  lx)  and  darkening  in 
the  daytime  (from  8:00  to  18:00).  Bven  in  the  first  experi¬ 
ment,  which  followed  the  oonstant  illumination  (III),  they  be¬ 
haved  as  in  the  normal  day-night  rhythm  (i.e.  active  in  the 
dark,  inaotive  under  illumination),  maintaining  the  2-3-hour 
period  of  activity  and  luminescence. 

If  this  experiment  follows  a  normal  day-night  rhythm, 
the  insects  need  12  to  24  hours  to  convert,  sinoe  day  is  fol¬ 
lowed  by  "day"  or  night  by  "night  +  day." 

Six-Hour  Cycle  (V).  This  shortened  oyole  was  arranged 
under  the  lighting  conditions  used  in  the  day-night  reversal 
(only  with  Lampvris  females).  A  nocturnal  oonstant  illumina¬ 
tion  (from  18:00  to  10:00)  was  followed  by  the  first  six-hour 
dark  phase,  then  the  lighted  phase  of  the  same  length,  and  so 
on.  Result:  ooapletely  normal  appetency  behavior,  regardless 
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of  whether  the  dark  period  fell  during  normal  daytime  or  night; 
the  2  to  3-hour  period  of  activity  and  luminescence  was  main¬ 
tained.  After  this  phase  the  females  were  not  luminescent, 

—  a  few  at  first  in  the  glowing  posture  without  glowing,  others 
in  the  hiding  place  and  inactive,  even  when  the  activity  phase 
occurring  under  normal  conditions  coincided  with  the  period  of 
illumination  (e.g.  during  the  illumination  period  from  16:00 
to  22:00). 

lastly  I  have  one  series  of  experiments  to  report  which 
I  carried  out  with  blind  lamovris  females.  The  eyes  of  the 
females  were  painted  under  narcosis  with  a  shellac  mixed  with 
lampblack,  and  this  was  checked  under  the  microscope  for  opa¬ 
city.  The  experiments  were  begun  36  hours  after  the  treatment. 

a)  Normal  day-night  rhythm:  The  females  began  with 
normal  appetency  behavior  about  1  to  2  hours  before  the  control 
subjects,  glowed  until  toward  midnight,  and  then  and  during 
the  daytime  sought  out  hiding-places,  which  were  usually  not 
very  well  protected  against  light.  Compare  to  this  the  behav¬ 
ior  of  normal  insects  in  constant  darkness  (II). 

b)  Constant  darkness:  Ho  influence  on  the  females;  be¬ 
havior  as  in  a). 

o)  Constant  light:  Behavior  as  in  a). 

d)  Day-night  reversal:  Behavior  as  in  a). 
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„  lological  comparison  of  the  eyes  of  males  and 
females  of  the  two  species) 


la  spite  of  the  oonstantly  recurring  references  in  the  literature  to 
dimorphism  la  the  development  of  the  eyes  of  sales  and  f Males  of  the  laapyri- 
dae  (figure  67),  there  have  been  no  morphological  or  other  comparative  studies 
of  It  (not  even  for  the  American  lampyrldae) .  Only  Lelnsnann  [71  ]  gives  the 
number  of  facets  comparatively  for  the  sexes  of  the  two  speolee  ( Lamovris: 
males  2600,  females  700;  Phausis:  males  2500,  females  300).  Sxner T 39 J 
studied  only  the  Fhauals  eye,  and  specifically  the  morphology  and  the  physloal 
characteristics  of  the  dioptric  apparatus. 


It  is  intended  here  mainly  to  compare  the  eyes  of  the 
two  species  and  of  the  sexes  with  each  other,  in  order  to  dis¬ 
cover  the  relationships  to  the  mode  of  biological  function. 


talon 


Morphological  Structure .  —  The  cross  sections  (figures 
68  and  691  [see  NoteJ  were  prepared  essentially  in  accordance 
with  the  practices  described  in  detail  by  del  Portillo  [103]. 
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GRAPHIC  NOT  REPRODUCIBLE 


[Note  ]  After  the  evaluation  of  the  aectiona  the  elide  box  unfortunate¬ 
ly  was  dropped  on  the  floor,  so  that  the  aectiona  became  unusable,  especially 
those  of  the  longitudinal  aectiona  of  the  sale  eyes.  For  that  reason  the 
aicro photographs  that  were  to  have  been  taken  later  are  lacking. 
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Figure  67  (left).  Eyes  of  both  sexes  and 
both  species,  overall  view  from  beneath, 
a)  Laapyrls  male:  b)  phausis  male;  c)  Laa- 
pyrla  female;  d)  Phausis  female, 
x — x  plane  of  section  of  Figures  68-69. 

Figure  68  (below, right).  Doraoventral  sec¬ 
tion  through  the  sale  eyes  in  the  plena 
of  greatest  ventral  extension  of  the  eyes 
(marked  x— x  in  Figure  67a, b).  a)  Laa- 
pyrla  male;  b)  Phausis  sale. 
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The  illustrations  show  the  basic  similarity  of  the  sale 
syss  and  of  the  fsaals  ayes  of  the  two  species.  In  function 
the  eyes  are  typical  superposition  eyes,  but  in  their  internal 
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Figure  69,»-<l.  Sections  through  ths 
ffloale  syss  of  ths  two  species. 

a)  Lamovris  $  ,  dorso ventral  section. 

b)  Lamovrla  9  ,  horlsontal  section. 

c)  Phsusis  9  ,  dorsoventral  section. 

d)  Phsusis  9  ,  horlsontal  section. 
Plane  of  section  of  tt«e  dorsoventral 
sections  in  the  greatest  ventral- 
dorsal  extension  (narked  x — x  in 
Figure  67e,d).  Plane  of  section  of 
the  horlsontal  sections  in  the  great¬ 
est  rostral-caudal  extension  of  the 
eyes  (approximately  corresponding  to 
the  optical  aeotion  in  Fig.  67c.d). 


graphic  not  reproducible 


and  external  morphological  structure  they  have  characteristic 
peculiarities. 

The  Eyey.  — 

Dorsoventral  cut  (in  the  plane  of  greatest  ventral  ex¬ 
tension  of  the  eye*  narked  x — x  in  Figure  67a, c): 

External  and  internal  aaynaetrical  structure,  relative¬ 
ly  great  extension  toward  the  ventral  median,  orientation  of 
the  facets  downward  (about  2/3),  non-unifora  curvature  of  the 
surface  of  the  eye  (dorsal  third  showing  greater  curvature) 
(Figure  68a,  b),  increasing  lengthwise  development  of  the  visual 
slsmsnts  toward  the  ventral  direction  (e.g.  cornea  end  crystal¬ 
line  cone  ventral  in  ImanZElft  UO-115  p,  in  Phausis  95-100  m* 
dorsal  in  tlinPTT^ifT  55.  in  Phausis  45-50  p)  (Figure  70) , 


109 


\  V 

r- 

,1 


fi 

«r*<D 
•L;  / 
*-{  t 
»  {  / 

v-i  i  r 

»•  \J 

j  ^ 


®"£r 


«  ©«r 


o-rr 

($***>« 


figure  70.  Length  of  tha  optioal  tzti.  a)  Ltowris  and  Phmsls  uIm;  b)  L*»- 

arris  and  'f^^f  fatal aa.  . Laararrls  fro*  aanbsnl  to  dorsal  rla  of  too 

ay* 5  ♦•••♦  Laapyrla  fro*  roatral  to  vevSmX  rla  of  too  ay*;  — *-*  Phauala  fro* 
waotral  to  doraal  rla  ef  tha  aya;  »-»-»  Ph*u*ia  froa  roatrsi  to  caudal  rla  of 
too  aya.  I)  Rolativa  unite  of  Itagth;  2)  vaatral  and  roatral  raspaotlraly; 

3)  dorsal  and  caudal  raapostivaly;  4)  unit;  3  oaaaUdi*. 


flgur*  71.  Anglo*  of  caaatldia  froa  roatral  to  dorsal  and  fro*  roatral  to 
oaudal  raapsetlaaly  la  tha  plaaas  of  saotlea  atom  la  Figure*  67  tod  6*. 
a)  aalaa  (balsa)  and  fatal  so  (ab^ra) ;  b>  Phauala  salts  (below)  and 

fatalaa  (aboro).  Syabola  a*  in  flfara  70;  Islands  as  in  Pleura  70  except: 
l)  dafraaa  of  aaglt  par  4  oasatldla;  4)  waits  4  ossatldl*. 

increasing  angla  of  aperture  of  tha  oa&atidia  froa  ventral  to 
doraal  (Figure  71). 

Horlaoatal  aaotlon  (in  tha  plana  of  graataat  rostral- 
oaudal  sxtsnslon  of  tha  apt,  approximately  corresponding  to 
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the  optical  section  in  Figure  67a,b). 

Eyes  directed  forward,  almost  radial,  hemispherical 
external  structure,  though  the  internal  structure  does  not 
entirely  correspond  to  the  external:  in  Lampyrls  the  eyes 
are  oriented  toward  the  front  (smaller  angles  of  optical  axes, 
greater  radii  *  relatively  slighter  curvature),  while  the 
eyes  of  Phausis  males  are  best  developed  laterally  (Fig.  70). 

The  Female  Eves.  — 

Eyes  of  both  species  oriented  somewhat  ventrad  and  fore¬ 
word,  and  externally  of  radially  symmetrical  structure  in  the 
horizontal  and  dorsoventral  directions  (Figure  69a, d);  in 
Phausis  the  internal  structure  corresponds  to  the  external, 
radially  symmetrical  structure  in  the  horizontal  section  (Fig. 
69d  and  73b),  but  not  in  the  dorsoventral  direction  (Figures 
69c  and  73b).  The  eyes  of  Lamp vr is  are  developed  internally 
in  both  directions  asymmetrically  to  the  external  radial  sym¬ 
metry  (Figures  69a, b,  73a). 

Point  of  Intersection  of  the  Optical  Axes.  «— 

The  findings  shown  In  Figures  72  and  73  were  obtained  by  microscopic 
projection  of  the  sectional  preparations  at  about  1000-fold  magnification. 

A  focal  ray  was  drawn  from  every  fourth  oaaatidiua. 

The  focal  rays,  regardless  of  asymmetrical  structure, 
converge  in  the  longitudinal  and  transverse  directions  in  a 
single  point  in  males  and  females  rf  both  species;  i.e.  they 
nowhere  form  focal  areas.  The  focal  point  of  all  the  optical 
axes  is  shifted  upward  and  except  in  the  Phausis  female  some¬ 
what  to  the  rear,  and  so  does  not  coincide  with  the  center  of 
curvature.  Since  the  eoraeaa  of  the  facets  are  equal  in  size, 
the  angles  must  become  greater  toward  the  top  and  back  (Figure 
71)  and  the  radii  ehorter  (Figure  70).  This  has  the  result 
that  the  focal  rays  cannot  be  perpendicular  to  the  surface  of 
the  eye  in  all  cases.  Surprisingly,  they  are  perpendicular 
to  the  eurfaoe  of  the  eye  only  in  the  front  and  ventral  por¬ 
tions. 

Number  of  Facets.  — 

the  cornea*  aad  cry*  tall  In*  con**  ar*  fast  grown  wgothor  (pooudo- 
coo*  ay**),  *o  that  with  fr**h  *y*«  that  bar*  ben  carefully  cut  out  all  th* 
w*y  to  tho  edge*  th*  dioptric  apparatus  of  th*  *atir*  *y*  can  b*  oompl*t*ly 
isolated  from  th*  acsoory  c*lla  by  brushing  out.  fyoo  thus  proposed  wore 
peripheral*  eUt,  imboddod  in  tho  usual  way,  and  proosod  botwoon  olid#  and 
cover  glea*.  Such  preparation*  worn  oieroprojected  and  th*  f*o*t*  of  ten 
•yoo  of  *?ch  mx  and  species  counted. 
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Figure  72.  Point  of  intersection  of  the  optical  axes  on  the  basis  of  dorso- 
ventral  (left)  and  horizontal  sections  (right) :  a)  Lampyris  aaiea.  b)  Phau- 
8is  males.  Every  fifth  focal  ray  is  drawn  in. 

Figure  73.  Point  of  intersection  of  the  optical  axes  on  the  basis  of  dorso- 
ventral  and  horizontal  sections:  a)  LampyrlB  females,  b)  Phausis  females. 
Every  fifth  focal  ray  is  drawn  in. 

The  averages  were  3412  facets  for  Lampyris  males,  2750 
for  Phausis  males,  605  for  Lampyris  females,  and  375  for  Phau- 
aia  females.  The  eyes  vary  in  size  (especially  great  differ¬ 
ences  among  Phausls  females),  so  that  among  the  males  of  the 
two  species  deviations  from  the  average  of  up  to  10#  occur, 
among  Lampyris  females  up  to  15#»  and  among  Phausis  females 
up  to  30#.  The  ratio  of  number  of  facets  of  the  Lampyris  male 
to  the  Phausis  male  is  1.24  ;  1»  between  the  Lampyris  female 
and  the  PhausTs  female  1.61  ;  1.  The  surface  of  the  eye  of 
the  Lampyris  male  averages  5.64' times  as  great  as  that  of  his 
female,  and  in  the  Phausis  male  7.34  times  as  great  (the  size 
of  the  facets  is  the  same  in  both  sexes  —  about  25  in  dia¬ 
meter)  . 
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Field  of  Vision 


The  field  of  vision  was  determined  on  the  basis  of  the  pseudopillae 
(cf.  von  Buddenbrock  [  25]).  The  microscopic  sections  were  not  usable  for 
this  purpose,  since  they  were  done  vertically  or  horizontally,  while  the  max¬ 
imum  extent  of  the  facets  does  not  always  run  exactly  in  those  directions. 

Thuc  e.g.  the  surface  of  the  eye  of  the  males  runs  in  a  curved  extension  to¬ 
ward  the  ventral  medial  posterior  direction,  and  therefore  cannot  be  deter¬ 
mined  from  longitudinal  or  transverse  sections.  Figures  74  and  75  show  ap¬ 
proximate  average  values  for  10  specimens  each,  since  the  field  of  vision 
fluctuates  somewhat  with  the  size  of  the  eye,  less  in  males  than  in  females. 
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Figure  74.  Field  of  vision  of  Laanvris  males  (a)  and  females  (b).  Right: 
from  dorsal  to  ventral.  Left:  from  rostral  to  caudal.  Binocular  field  of 
vision  shaded. 

The  field  of  vision  of  the  males’  eyes  is  usuallv  3600 
in  the  vertical  (dorsoventral)  direction,  and  up  to  250  in 
the  horizontal  direction  (from  front  to  rear),  with  a  gap  in 
the  field  of  vision  at  the  back  of  the  head  (where  it  is  joined 
to  the  thorax).  The  binocular  field  of  vision  in  Phausis  is 
up  to  60°  ventrally  and  up  to  20°  forward;  in  Lampyris  it  is 
70-75°  ventrally  and  up  to  30°  forward. 
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As  a  rule  typical  superposition  eyes  are  spherical  in 
form,  and  the  uniformly  radial  external  structure  is  matched 
by  a  largely  to  almost  absolutely  uniform  internal  structure: 
uniformly  developed  ommatidia,  forming  equal  angles  with  each 
other  and  undergoing  no  mutual  shifts,  being  thus  situated 
radially,  perpendicular  to  the  surface  of  the  eye,  with  their 
optical  axes  intersecting  almost  in  the  same  point;  any  spe¬ 
cialization  is  practically  ruled  out. 

The  eyes  of  the  females  of  the  two  species  very  closely 
approach  such  a  structural  type,  but  those  of  the  males  have  ~ 
undergone  enormous  modifications  as  compared  to  the  normal 
morphological  structural  type  of  superposition  eyes  and  become 
highly  specialized  organa  which  take  up  almost  the  entire  sur- 
faoe  of  the  head. 

The  most  striking  modification  is  the  extension  of  the 
males r eyes  toward  the  ventral  and  frontal  median,  by  which 
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a  considerable  extension  of  the  field  of  vision  in  all  direc¬ 
tions  is  achieved,  but  especially  downward  and  forward.  Two 
other  facts  besides  the  enlargement'  of  xhe  surface  of  the  eye 
yield  an  extension  of  the  field  of  vision:  Increasing  length¬ 
ening  of  the  focal  radii  from  dorsal  to  ventral  and  from  back 
to  front  (Figure  70),  and  shift  of  the  ommatidia  out  of  the 
perpendicular  to  the  surface  (cf.  point  of  intersection  of  the 
optical  axes  with  the  surface  of  the  eye,  Figure  72).  3y  these 
two  methods  a  different  curvature  of  the  surface  of  the  eye 
is  achieved,  and  thus  indirectly  an  enlargement  of  the  field 
of  vision.  These  two  methods  also  make  it  possible  to  orient 
the  eye  especially  ventrad,  but  also  forward,  for  by  increas¬ 
ing  or  keeping  constant  the  focal  radii  in  the  ventral  or  for¬ 
ward  half  of  the  eye  on  the  one  hand  (Figure  70)  and  by  shift¬ 
ing  the  point  of  intersection  of  the  optical  axes  dorsad  on  the 
other  (Figure  72)  the  facets  are  directed  downward  and  forward. 

The  special  enlargement  of  the  field  of  vision  toward 
the  ventral  and  frontal  median,  in  combination  with  a  greater 
convexity,  provides  an  especially  large  binocular  field  of 
vision  downward  and  a  smaller  one  to  the  front,  serving  mainly 
for  distance  localization  and  hardly  inferior  in  development 
to  those  of  predatory  daytime  insects  (Laohria  gibbosa  25° » 
Bemblx  rostrata  35°,  Nepa  cinerea  54°.  Caloptervx  solendens 
88°,  according  to  von  Buddenbrock  L24J).  The  high  number  of 
facets  also  favors  localization. 

These  two  striking  specializations  of  a  nocturnal  in¬ 
sect  (360°  vision,  binocular  field  of  vision)  are  splendidly 
suited  to  facilitating  recognition  of  the  luminescing  female, 
and  together  with  the  typical  flight  of  the  males  (which  see) 
make  possible  exact  sighting  of  the  female  and  accurate  land¬ 
ing  beside  her. 

An  important  question  in  connection  with  the  active 
sexual  behavior  of  the  males  is  that  of  the  light  sensitivity 
of  their  eyes.  Superposition  eyes  are  generally  characterized 
as  light-catching  organs,  as  the  almost  punctiform  surface  of 
the  perceptive  portion  of  the  retina  converges  the  twilight 
gathered  upon  a  much  greater  surface  of  the  dioptric  system. 

In  spite  of  the  enormous  deviation  of  the  males'  eyes  from  the 
typical  radial  structural  design,  the  enlarged  surface  of  the 
eye  concentrates  all  the  light  in  one  point.  A  particularly 
rich  tracheal  ramification  between  the  basal  membrane  and  the 
lamina  ganglionar! a  (especially  in  the  2/3  of  the  eye  that  is 
vent rally  oriented)  may  be  interpreted  as  a  tracheal  tapetum 
(unfortunately  not  visible  in  the  microphotographs).  This  de¬ 
velopment  of  the  tracheae  is  lacking  in  the  fema3.es  of  both 
speoies.  The  sensitivity  to  light  must  be  quite  considerably 
increased  by  these  two  morphological  peculiarities. 
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The  resolving  power  or  acuteness  of  vision  is  dependent 
on  the  number  of  facets  in  a  given  angle,  and  so  is  greater 
the  smaller  the  angle  that  encloses  the  individual  ommatidium. 
For  the  same  size  of  eye,  therefore,  the  narrow-angle  eye  is 
superior  to  the  wide-angle  eye,  but  the  latter  is  more  sensi¬ 
tive  to  light.  Resolving  power  (or  acuteness  of  vision)  and 
sensitivity  to  light  are  thus  tied  to  two  conflicting  condi¬ 
tions,  for  which  a  solution  must  be  found  if  both  are  to  be 
highly  developed.  The  solution  of  the  problem  is  accomplished 
in  the  Laaoyris  male  eye  in  an  excellent  fashion:  1.  The 
angles  are  reduced  in  the  ventral  and  forward  directions  (to 
increase  the  acuteness  of  vision),  and  2.  the  surface  of  the 
facets  is  kept  large  by  extending  the  narrow-angled  facets  in 
the  longitudinal  dimension  (no  reduction  in  sensitivity  to 
light).  The  acuteness  of  vision  or  resolving  power  of  the  male 
eye  is  in  fact  very  pronounced,  for  it  distinguishes  fields  of 
light  formod  in  different  ways  in  flying  to  the  female  (see 
decoy  experiments).  It  is  interesting  in  this  co***  ..v*  v„  ^ — on  that 
in  the  Fhausis  male  eye  the  angular  values  in  the  posterior 
and  upper  half  of  the  eye  are  much  larger  than  in  the  Lampvris 
male  eye,  and  must  accordingly  greatly  reduce  the  acuteness 
of  vision.  We  might  attribute  to  this  cause  the  incapacity 
of  the  Phausis  male  to  distinguish  different  luminous  fields 
and  his  consequent  confusion  of  his  females  with  those  of 
Lampyrls .  if  we  do  not  intend  to  make  fundamentally  different 
(and  phylogenetically  more  primitive)  neural  conditions  respon¬ 
sible  for  that. 

The  non-uniform  curvature  of  the  cornea  due  to  its  devi¬ 
ation,  from  the  spherical  form  and  the  oblique  position  of  the' 
crystalline  cones  might  impair  the  visual  perception  of  shape, 
since  distortions  of  the  images  formed  are  to  be  expected. 

The  more  exact  (in  comparison  to  Phausis  males)  orientation 
to  dark  surfaces  (see  scototaxis)  in  Lampyris  males  I  evaluate 
as  superior  visual  perception  of  form  on  the  part  of  xhe  Lam- 
p.vris  males.  This  is  in  agreement  with  the  fact  that  they 
recognize  the  arrangement  of  the  luminous  surfaces  in  the 
luminous  organs  of  the  female  as  a  species-isolating  stimulus 
(see  light  decoy  experiments). 

Decoy  experiments  with  monochromatic  light  (which  see) 
and  the  phototaxis  experiments  with  light  of  various  colors 
(which  see)  tell  in  favor  not  only  of  the  reception  of  these 
wave-lengths  of  visible  light,  but  also,  in  the  case  of  the 
selective  choice  of  specific  colored  luminous  decoys,  of  the 
color  vision  of  the  males'  eyes. 

The  morphologically  fine  differentiation  of  the  males' 
eyes  (as  compared  to  the  almost  primitive  structure  of  the 
females'  eyes)  must  be  conceived  of  as  an  adaptation  to  the 
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sexual  behavior,  for  through  enlargement  of  the  field  of 
vision,  a  binocular  field  of  vision,  and  light  sensitivity 
and  acuteness  of  vision  of  the  eyes  all  the  problems  set  are 
simultaneously  and  excellently  solved. 

II.  Analysis  of  the  "Female  Pattern1* 

By  the  so-called  "female  pattern"  is  meant  the  inherit¬ 
ed  excitative  mechanism  of  the  male  which  selects  specific  key 
stimuli  of  the  female  and  .groups' them  into  a  single  stimula¬ 
tive  complex.  As  a  basis  for  the  analysis  of  this  pattern  we 
used  the  observations  on  the  normal  sexual  behavior  of  the  two 
species  in  the  field  and  in  the  laboratory  (Chapter  D  I).  Be¬ 
sides  optical  components  of  the  stimulus,  olfactory  and  tactile 
components  were  also  tested.  But  in  order  to  be  able  to  make 
pronouncements  concerning  the  efficacy  of  the  individual  stimu¬ 
li  it  was  necessary  to  attempt  to  present  the  doubtful  compon¬ 
ents  of  the  stimulus  to  the  male  in  as  near  isolated  form  as 
possible.  Tho  Hewing  investigations  and  experiments  were 
carried  out  either  in  the  natural  biotope  or,  where  specific¬ 
ally  mentioned,  in  the  laboratory  under  as  nearly  natural  con¬ 
ditions  as  possible  and  during  the  nocturnal  activity  phase. 

The  results  of  experiments  with  free-flying  males  can  of  course 
be  only  of  a  qualitative  nature,  but  were  nevertheless  import¬ 
ant  as  starting  points  for  the  series  of  experiments  in  the 
laboratory. 


To  make  it  possible  to  answer  the  question  of  the  much 
discussed  function  of  the  female  light  it  was  necessary  to 
study  the  flight  of  the  males  with  all  non-optical  stimuli 
(especially  olfactory  ones)  excluded.  I  attempted  to  do  this 
for  both  species  in  the  field  and  in  the  laboratory  as  follows 

1.  Isolation  of  the  females  in  airtight  and  odor-proof 
weighing  bottles  with  ground-in  covers. 

2.  Indirect  presentation  of  the  female  light  by  reflect 
ing  it  upward  perpendicularly  by  combinations  of  mirrors  some 
20  cm  away  from  the  hidden  female.  This  method  was  combined 
with  the  first. 

3.  Offering  artificial  sources  of  light  of  about  the 
same  intensity  as  the  female  light.  I  used  pocket  flashlight 
bulbs  whose  spectrum  extended  over  the  whole  visible  range. 

The  battery-powered  series  of  bulbs  gave  off  light  without 
any  sort  of  mask  and  without  the  pattern  of  luminous  surface 
characteristic  of  females  of  a  given  speoies,  as  used  later 
for  light  decoys  (which  see). 


! 


In  all  three  cases  the  males  flew  straight  and  accurate¬ 
ly  to  the  isolated  females,  the  "isolated"  female  light,  and 
to  the  artificial  light.  The  artificial  light  of  the  bulbs, 
however,  was  far  from  being  as  effective  as  the  light  of  the 
other  experimental  arrangements.  The  second  experimental 
arrangement,  which  does  not  exclude  the  finding  of  the  female 
by  olfactory  means,  nevertheless  did  not  lead  to  a  meeting  of 
the  two  sexes,  although  they  had  come  within  about  20  era  of 
each  other. 

During  these  experiments  I  noticed  that  Phausis  males 
also  flew  toward  Lampyris  female  light,  while  Lampyris  males 
paid  no  attention  to  the  Phausis  female  light.  I  also  ob¬ 
served  this  often  in  the  field,  where  I  found  Phausis  males 
beside  Lampyris  females,  attempting  for  a  long  time  (occasion- 
ally  over  an  hour)  unsuccessfully  to  copulate  with  the  female 
of  the  other  species.  Later  quantitative  experiments  (light 
decoys)  confirmed  this  observation.  I  saw  several  Phausis 
males  making  intensive  copulation  attempts  (with  protruded, 
groping  copulative  organs  and  the  behavior  of  the  male  in  copu¬ 
lation  mentioned  above)  on  a  Phausis  male  pupa. 

Lastly  an  observation  should  be  mentioned  which  also 
demonstrates  the  strong  attraction  by  light:  10  cm  from  a 
copulating  Lamovris  pair  a  Lampyris  female  was  placed,  which 
soon  glowed  brightly.  The  male  gave  up  the  copulation  posture, 
but  still  remained  coupled  with  the  female  «nd  dragged  her  with 
him  to  the  glowing  female,  and  mounted  the  latter,  though 
still  coupled  with  the  non-glowing  female. 

These  examples  appear  to  exclude  the  possibility  that 
there  is  a  female  odor  in  Phausis  peculiar  to  the  species. 

They  also  show  for  Lampyris  a  sexual  effect  of  the  female 
light,  and  in  fact  of  light  in  general,  independent  of  the 
female  odor.  Light  is  the  sole  precipitating  stimulus  for 
the  approach  flight  of  the  males. 

b)  Physical  Properties  of  the  Light  of  the  Two  Species 

Studies  of  the  physical  qualities  of  firefly  light  were 
a  prerequisite  to  experiments  with  light  decoys.  Since  all 
developmental  stages  of  both  species  glow  (except  Lampyris 
males)  and  occur  simultaneously  in  the  insects'  biotope  dur¬ 
ing  the  swarming  time  of  the  males  of  both  species,  these 
investigations  were  carried  out  for  all  stages. 

Spectral  Range 

Many  authors  have  made  statements  as  to  the  spectrum  and  color  of 
firefly  light.  According  to  Murray  (Experimental  Researches  on  the  Li/dit 
and  Luminous  Matter  of  the  01 o worm,  etc. .  Glasgow,  177  pages)  the  light  of 
Lamnvrla  larvae  is  greenish;  according  to  Lehmann  ("Lampyris  Prise  Contest," 
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Nova  Acta  Leop. Carol..  Vol  30,  1862,  pages  113-114)  Laat>yris  light  possesses 
red,  yellow,  and  green  components;  according  to  de  Bellesme  [6]  violet  is 
lacking,  red  is  abundantly  and  green  maximally  represented;  Conroy  [30]  gives 
the  only  exact  statements  concerning  our  native  fireflies,  but  unfortunately 
with  regard  to  an  English  "glowworm"  not  further  identified;  from  his  descrip¬ 
tions  it  may  have  been  a  Lamovris  noctiluca  larva  (cf.  Table  16).  Dubois 
[cited  according  to  Harvey,  55]  later  reports  that  not  only  the  spectra  within 
the  species  but  also  in  different  developmental  stages  within  the  individual 
are  different,  and  attributes  this  to  differences  in  light  intensity.  Ho  says 
that  the  Lanpyris  light  is  blue.  Keissner  [91] reports  green  light  for  the 
larva  of  Lampyris.  while  Knauer  [68]  reports  bluish  light  for  lampyridae  (with¬ 
out  mentioning  the  name  of  the  species.  1  have  not  been  able  to  find  state¬ 
ments  concerning  Phausis  in  the  literature  anywhere. 

In  the  table  [see  next  page]  I  give  a  chronological  summary  (partly 
according  to  Duck  [22])  of  the  spectral  range  of  fireflies  studied  down  to 
the  present  (predominantly  American  species),  the  authors,  and  their  methods 
of  investigation. 

The  inaccurate,  subjective,  often  contradictory  state¬ 
ments  by  only  the  older  authors  concerning  our  native  lampyri¬ 
dae  are  unusable  for  my  purposes. 

Technical :  The  insects'  light  was  recorded  with  a  spectroscope 
(Zeiss  pupil  spectroscope) ,  attached  by  a  connecting  piece  to  the  camera  ob¬ 
jective  (Makro  Kilar  1:3.5/40  mm;  camera:  Sxakta  Varex  Ila) ,  on  the  highly 
sensitive  panchromatic  Ilford  Film  (HPS  27/10°  DIN).  Conducting  the  relative¬ 
ly  weak  light  of  the  insects  through  the  many  optical  systems  made  exposure 
time  up  to  30  minutes  necessary.  The  long  lighting  time  led  to  difficulties 
in  taking  the  photographs  connected  with  the  peculiar  nature  of  the  animal 
subject.  As  has  been  mentioned,  the  larvae  ordinarily  glow  only  at  complete¬ 
ly  unpredictable  times  and  only  when  undisturbed.  Getting  spectra  from  them 
photographically  was  possible  only  during  the  periods  immediately  before  molt¬ 
ing,  when  they  glowed  continuously  at  uniform  brightness  with  continuous  slight 
mechanical  stimulation.  The  same  method  could  be  used  with  the  pupae.  It  was 
hardest  to  make  the  photographs  of  the  female  imagines,  for  first  of  all  they 
glow  only  during  their  activity  period,  and  then  they  stop  at  any  disturbance 
(e.g.  slight  vibration;  attempt  to  fix  them  in  front  of  the  slit  of  the  spec¬ 
troscope).  The  only  way  remaining  was  to  get  them  in  front  of  the  spec¬ 
troscope  slit  completely  without  disturbing  them  and  during  their  glowing 
period  (usually  in  the  open).  Any  movement  of  the  luminous  organs  away  from 
the  area  of  the  slit  then  became  a  defective  picture.  To  photograph  the  Ehau- 
aia  male  light  the  males  were  decapitated  or  the  isolated  abdomen  with  the 
luminous  organs  slightly  mashed  and  then  fixed  in  front  of  the  slit. 

Photographing  a  wave-lengtu  scale  over  the  spectrum  being  photographed 
made  it  unnecessary  to  close  the  slit  as  far  as  possible  in  order  to  doteraine 
the  speotral  range  and  identify  the  dark  lines  with  the  corresponding  wave 
lengths.  The  slit  remained  opened  to  the  maximum  extent  for  all  photographs, 
as  did  the  shutter  of  the  camera  objective.  For  the  rest,  all  photogr  >io 
technical  precautions  were  constantly  maintained;  the  exposed  films  wore  all 
developed  in  the  same  tank  under  the  same  conditions  (Ilford  ID—  11  Fine 
Grain  Developer,  14  minutes  at  20°  C). 
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Table  16. 


Species 

tfave-length 
Range  n*  »>/• 

Method 

Author 

Photinui  ipcc.  (?)... 

487— 056 

V 

Young  1870 

Kn^liffli  glow-worm 
(l/urvc  von  Ijnm/iijriii) 

;>is — ti.Vi 

V 

Coxmoy  1882 

Pijmiihotut  MCiilutut^ 
Thorax  ...... 

*  4<i,H — dill 

V 

i.ANGLKY  &  Vkhv  1890 

Abdomen.  .  .  .  .  “a.  463 — < '•<>:! 

V 

J'ltolihui  jiyrnlit  .  .  . 

.  525—64,1 

]* 

Ivk>  &  Cohm:\tz  1910 

Pkotinun  ixjralii  .  .  . 

.  ca.  535— 62>» 

V 

Me  |)i;hmott  1910 

J’holinut  c(in*anquinc>ii 

.  ca.  550 — til 5 

V 

MflHoiNOTT  1910 

Pkoiurit  )>rnii*tj!vanico 

.  Ca.  540—015 

V 

Me  Dkkmott  1610 

I'ltni'jwiei  talieollii  .  . 

,  51 1  —045 

V 

Me  Dcmmoty  1912 

l’kolinut  comauguintMt 

,  525—040 

1* 

Oolll.KNTZ  1911,  1912 

Pkoiurit  jxnniyivanitm 

.  510— olo 

1* 

ColtLKNTZ  1911.  1912 

Clow-worm  ( ?)  .  .  .  . 

.  529— 586 

1‘ 

U.\mi>a«&  Vkskitmh- 

Clow-worm  ( ?)  .  .  .  . 

.  469—585 

P 

WAHAN  1931 
likooKK  1940 

Pkotiuut  xanlho/tMi t 
cathcrinae  rf  .  .  .  . 

635-640*  V) 

.Vio — i».V>  (V) 

max  5, 95  Hock  1941 

Same  . 

max  680  Hock  1941 

Pkolinut  ;«il/rn*(J.  .  . 

516-642.5  (P) 

515 — (  v ) 

max  577,5  Hi:ck  1941 

Pkolinut  jnllrnt  Q.  .  . 

520-045(1') 

612.5-655  *  V) 

max  677,6  Hock  1941 

I’ketinui  tynekrotutnl  <J 

615-646(1') 

520—655  (V) 

max  686  Hock  1941 

Pkolinut  mrinkilii  <J  . 

620-660  (P) 

522.5-665  (V) 

max  680  Hock  1941 

Pkolinut  (lavilimbnlut  <J 

.  — 

627.5-620  (V) 

—  Hock  1941 

Pkolinut  etrntui  <J  .  . 

.  — 

635-620  (V) 

—  HtiCK  1941 

Pkotinui  evanrtctnltf  , 

.  — 

536-655  (V) 

—  Hock  1941 

Pkolinut  graciloiut  .  . 

,  - 

507.5— 6;>5  (V) 

—  Hock  1941 

Difikolut  hum  cut  .  .  . 

.  — 

505-645  (V) 

—  Hock  1941 

Di/tkolui  monlnni  .  .  . 

,  - 

615-620  (V) 

—  Hock  1941 

OijMui  trnifuttut  ,  . 

.  — 

612.5-665  (V) 

—  Hock  1941 

Pkoiurit  jamaittntit  <J  . 

.  ca.  127,6(1') 

—  Hock  1941 

Pkoiurit  jnmnitrntit  Q  ■ 

•  — 

522.5—666  (V) 

—  Duck  1941 

Pyroitkonu  gUyiopk- 
lkn  lam* 

Thorax . 

.  505—650  ( P) 

497.5  —666  (V) 

max  586  Huck  1941 

Abdomen . 

540-645,  P) 

515-655  (V) 

max  695  Hock  1941 

Pktnyodct  (]>M. .... 

.  - 

510-590  (V) 

-  Hock  1941 

7  -  visual  method;  P  -  photographic  method  of  determining 
the  spectral  range;  7  -  no  indication  of  species* 


Spectroanalysis  by  the  difficult  photographic  method 
was  preferred  because  of  its  objectivity  to  subjective  ob¬ 
servation  (the  Purkinje  effect,  etc.).  At  the  same  time  it 

S emitted  a  comparative  determination  of  the  energy  distri- 
ution  of  the  spectral  light  on  the  basis  of  the  darkening 
of  the  film. 

Results:  The  spectra  of  both  species  and  in  all  stages 
of  development  lie  in  the  same  region  of  the  visible  spectrum 
as  a  continuous  band  from  about  500  to  660  zap.  Details  may 
be  seen  in  the  curves  of  the  spectra  in  Figures  76-78.  The 
results  were  confirmed  on  the  basis  of  photographs  of  several 
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Figure  76  a.  Spectral  energy  curve  of  the  light  eaitted  by  the  Laagyria  lar¬ 
va.  Exposure:  5  minutes.  Ordinate:  blackening  of  the  emulsion  side  of  the 
film  (S);  abscissa:  wave  length  in  tqi. 

Figure  76  b.  Spectral  energy  curve  of  the  light  emitted  by  the  Pnausis  larva. 
Exposure  time:  5  minutes.  Notation  as  in  Figure  76a. 


Figure  77  a.  Spectral  energy  curve  of  light  emitted  by  the  lanovris  female. 
Exposure:  5  minutes.  Notation  as  in  Figure  76a. 

Figure  77  b.  Spectral  energy  curve  of  light  eaitted  by  the  Phausjjt  female. 
Exposure:  5  minutes.  Notation  as  in  Figure  76a. 

(at  least  5)  specimens  for  each  stage  of  development. 

Soeotral  Energy  Distribution  of  the  Light  Emitted 

The  baais  for  datarmlnation  of  tha  energy  distribution  in  the  spectral 
band  of  tha  light  emitted  by  tha  inaacta  was  tha  blackening  of  films  obtained 
by  the  above  method.  The  distribution  of  density  of  the  blackenings  in  the 
speotrel  band  corresponds  to  the  light  energy  of  the  various  vave  lengths  on 
the  assumption  of  uniform  color  sensitivity  of  ths  film  material!  which  is 
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guaranteed  la  the  case  of  the  panchromatic  Ilford  film.  The  density  of  black¬ 
ening  of  the  spectral  band  vas  measured  photographically.  [See  Note.] 

[Note]  The  measurements  of  density  of  blackening  were  made  with  a 
Zeiss  rapid  photometer  with  Steinheil  recorder  and  photomultiplier  I  ?  25. 

I  cordially  thank  Dr.  Sichhoff,  of  the  Inorganic  Institute  of  tne  University 
of  Maine  for  making  the  apparatus  available,  for  making  me  acquainted  with 
the  technique,  and  for  his  readiness  to  help  in  manipulating  the  instruments. 
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Figure  78.  Spectral  energy  distribution  of  the 
light  emitted  by  the  Phausis  male.  Exposure 
time:  5  minutes.  Notation  as  in  Figure  7oa. 


Figures  76-78  show  the  direct  measurement  values  of 
blackenings  of  the  emulsion  layer  of  the  film.  Since  the 
width  of  the  spectra  lies  in  a  range  in  which  the  emulsion 
is  almost  uniformly  sensitive,  the  measured  values  largely 
correspond  to  the  aosolute  data,  i.e.  the  maximum  of  density 
of  blackening  is  matched  by  an  energy  maximum  of  the  insects, 
and  the  nearly  symmetrical  pattern  of  the  curve  is  matched 
by  a  uniform  (sharp)  decrease  in  short-wave  and  long-wave  com¬ 
ponents  of  the  spectrum  outside  of  this  maximum  value.  The 
maxima  for  both  species  and  all  stages  of  development  lie  be¬ 
tween  550  and  580  op,  and  thus  in  the  yellow  range. 

Determination  of  Intensity 

In  order  to  coapare  tie  light  intensity  of  the  developmental  stages 
of  the  two  species,  the  luminous  organs  were  macro photographically  recorded 
in  their  own  light.  To  asks  possible  short  exposure  times,  Ilford  r.?S  film 
wee  used  for  these  photographs  too.  Prerequisites  for  comparable  darkening* 
of  the  fils  end  for  later  photoelectric  registration  were  uniform  distance 
from  the  objective  lens,  similar  arrangements  of  apparatus,  end  similar  con¬ 
ditions  of  photographic  developing  for  ell  the  photographs.  The  camera  used 
wee  —am  before—  "Exacts"  with  the  "KekroKilar"  objective. 

Figures  79-81  show  that  the  maximum  intensity  exhibits 
not  only  very  slightly  diverging  values  for  all  developmental 
stages,  but  also  that  tbs  intensity  of  individual  parts  of 
ths  luminous  organs  is  equal .  Nor  can  they  confirm  the 
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Figure  79-  Density  curves  of  a  lancyris  larva  (A)  ana  a  Lr.r.ry/ric  ienale  (3). 
I  larval  luminous  organ  of  the  imaginal  luminous  apparatus,  II  imaginal 
luminous  plates.  Distance  from  camera  12  co,  exposure  5  seconds.  m  ■  dark¬ 
ening  of  the  negative.  Abscissa:  region  of  the  luminous  organs  froa  thora¬ 
cic  to  caudal. 

Figure  00.  Density  curves  of  a  larval  luminous  organ  of  Fhausis.  A  from 
the  dorsal,  B  from  the  ventral  side;  other  explanations  as  for  Figure  79- 


Figure  81.  Density  curves  of  the  luminous  organs  of  the  female  (A 

froa  the  dorsal,  B  froa  tha  ventral  side)  and  of  the 

j  larval  luminous  organa  of  the  iaeginal  luminous  apparatus  (in  the  rft  vsli 
sale  not  axternally  visible),  II  Uaginal  luminous  plates;  otherwise  aa  in 

Figure  79. 


assert 

hoeff 


ions  of  Czepa  [293*  Hfrcaire  [76],  Meissner  L&S]*  ^*7 
noexx  1126 j.  and  Stltlaner  U29i  *-ho-  the  entire  body  of  the 
firefly  glow,  (a  support  for  the  syshlosla  theory!),  for  the 
photoaet.r  scanned  the  vhole  area  aurroundi^  tha  l»inoua 
organa  and  tha  body  of  the  laaaoti  results  there:  0).  density 
(in  this  connection  of.  Figures  33a-e). 
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Knowledge  of  the  physical  properties  of  the  female 
light  as  the  principal  key  stimulus  of  the  sexual  behavior  of 
the  males  formed  the  basis  of  the  decoy  experiments  described 
below,  which  analyze  the  reaction  of  the  males  to  variations 
of  the  most  important  artificially  provided  stimuli. 

Method:  Decoy  experiments  were  done  in  the  field  only 
as  a  check  on  the  laboratory  experiments,  because  they  lasted 
too  long  there  and  the  results  were  consequently  too  scanty 
and  could  not  be  evaluated  quantitatively,  especially  as  the 
lifetime  of  the  imagines  is  too  short  and  experiments  are  pos¬ 
sible  only  2  to  3  hours  a  night,  during  the  natural  period  of 
activity.  Under  laboratory  conditions  I  was  able  by  certain 
measures  (cf.  Chapter  D  I  2c)  to  extend  the  experimental  time 
by  about  an  hour  without  concern  about  abnormal  influence. 

In  the  laboratory  the  decoy  experiments  were  carried  out  at  a 
room  temperature  of  20°  C  +  2°,  in  a  flight  cage  (1  x  1  x  1  m) 
the  bottom  of  which  consisted  of  a  ground  made  to  resemble 
that  of  the  natural  habitat  of  the  insects  (cf .  C  I)  or  in  a 
petri  dish  (diameter  30  cm,  height  10  cm)  the  bottom  of  which 
was  lined  with  sand.  Both  containers  always  had  about  95-100# 
relative  humidity  close  to  the  ground. 

The  decoys  consisted  of  cylindrical  sleeves  to  one 
end  of  which  the  decoy  mask  to  be  investigated  was  fastened. 
(The  abscissae  of  Figures  82-92  show  the  respective  masks  in 
actual  size.)  The  height  and  width  of  the  sleeves  were  such; 
that  they  fitted  closely  over  a  pocket  flashlight  bulb  (2,5  v, 
0.5  amp),  mounted  on  a  foot  that  could  be  pressed  down  into 
the  soft  ground  (for  field  and  flying-cage  experiments). 

This  bulb  lighted  the  decoy  mask  from  beneath.  Light  filters, 
colored  paper  strips,  frosted  glass  and  the  like  could  be 
put  in  front  of  the  mask.  To  get  a  uniformly  lighted  mask 
surfaoe,  a  frosted  glass  was  always  attached  in  front  of  the 
decoy  mask.  The  lights  were  connected  with  each  other  and 
powered  in  the  field  by  batteries,  in  the  laboratory  by  an 
adjustable  transformer.  In  both  cases  the  light  intensity 
could  be  modified  by  a  resistance.  The  use  of  the  same  stock 
of  bulbs  and  the  same  source  of  power  for  all  series  of  decoy 
experiments  provided  from  the  outstart  for  a  more  or  less 
uniform  luminous  energy.  The  number  of  decoys  used  simultane¬ 
ously  during  an  experiment  was  determined  by  the  object  of  the 
particular  experiment  (abscissae  of  the  figures).'  But  in 
order  that  it  would  always  be  possible  to  check  on  the  course 
of  the  experiment  at  a  glanoe,  not  more  than  seven  decoys 
were  ever  used.  They  were  set  up  irregularly  in  the  flight 
cage  at  more  or  less  equal  distances  from  eaoh  other.  Around, 
the  petri  dish  they  were  set  outside  the  dish  at  equal  .  . 


distances  of  2-3  cm,  oriented  toward  the  center  of  the  dish 
and  above  the  ground  level.  The  petrl  dish  arrangement  was 
most  successful  and  toward  the  last  was  used  exclusively.  The 
locations  of  the  decoys  were  often  changed  during  the  experi¬ 
ments,  in  order  to  exclude  any  habituation  phenomena.  The 
males  were  thus  basically  subjected  to  multiple-choice  tests. 
The  males'  eyes  with  their  360°  vision  allow  of  this  method. 

The  constant  ratio  of  turning  toward  particular  targets  in 
the  individual  series  and  the  behavior  toward  and  at  the  de¬ 
coys  are  evidence  of  a  genuine  spontaneous  choice. 

Comparison  tests  with  glowing  females  could  be  used 
simultaneously  with  the  decoy  tests  only  in  cases  of  special 
interest,  since  because  of  difficulties  of  procurement,  because 
of  the  brief  lifetime  of  the  adult  insects,  and  because  of 
other  difficulties  repeatedly  mentioned  above,  it  is  very  tedi¬ 
ous  and  time-consuming  to  get  the  females  into  a  continuous 
state  of  luminescence  and  at  the  same  time  in  a  position  visi¬ 
ble  to  the  males.  For  this  purpose  movable  raised  objects  were 
put  into  the  vessels  witn  the  females,  on  which  they  went  into 
the  constant  glowing  posture.  _ For  the  comparison  tests  covered 
petri  dishes  were  used  exclusively,  as  they  excluded  any  odor 
factor  very  conveniently,  since  the  females  when  strictly 
separated  from  the  males  would  glow  outside  the  petri  dish. 
Glowing  females  were  constantly  used,  however,  to  regulate  the 
light  decoys  and  compare  their  intensity. 

Evaluation  of  the  experiments  was  done  as  follows:  In 
the  field  and  in  the  flight  cage  I  counted  the  approaches  by 
direct  flight.  In  the  petri  dishes  these  approach  flights  oc¬ 
curred  more  rarely  because  of  the  short  distance  to  the  glass 
wall;  here  the  males  ran. toward  the  decoys,  as  they  did  in 
the  field  when  only  short  distances  were  involved.  As  a  rule 
they  ran  in  a  straight  line  to  the  decoys,  with  vigorous  an¬ 
tenna  movements  and  other  movements.  In  order  to  rule  out 
ehanoe,  the  decoys  and  the  control  females  were  set  2  to  3  cm 
above  the  ground.  Climbing  up  the  glass  wall  to  the  decoys 
showed  the  intentional  approach  quite  unambiguously.  Moreover 
the  males  usually  spent  a  fairly  long  time  near  the  decoys, 
went  about  in  the  immediate  vicinity  of  the  deooy  with  search¬ 
ing,  rapid  movements,  and  mads  butting  movements  with  the  head 


deooy,  —  all  symptoms  that  permitted  a  definite  diagnosis  of 
"approaches"  of  the  males.  The  experiments  oould  usually  be 
performed  in  the  dark,  since  the  light  of  the  deooys  was 
bright  enough.  Otherwise  a  weak  light  from  above  was  used, 
just  sufficient  for  observation  of  the  arrangement,  and  fall¬ 
ing  through  a  oolored  paper  of  the  oolor  least  notioed  by  the 
males  (for  Lamovria  blue,  for  Phausia  green).  These  oheoks, 
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Figure  82.  Reactions  to  light  decoys. 
Ordinate:  number  of  approaches. 
Abscissa:  decoy  masks,  half  actual 
size. 


I*  (Lampyrls  noctiluca); 
n  (number  of  specimens)  -  15; 
N  (number  of  reactions)  «  166; 

P  (Phausls  splendidula^ : 
n  «  30,  N  -  295. 


Ijmpytir, 


Phatuit. 


lasting  only  a  few  seconds,  did  not  disturb  the  males  at  all, 
even  when  they  were  running  toward  a  decoy.  The  results  of 
a  series  were  regarded  as  confirmed  only  when  counts  of  runs 
after  certain  intervals  of  time  (e.g.  after  every  30  minutes) 
during  the  test  period  yielded  no  significant  relative  dif¬ 
ferences  for  the  individual  decoy  patterns  (total  number  of 
approaches  on  the  ordinate  of  the  graphs  is  the  total  count 
of  often  repeated  experiments  over  a  three-year  period). 

Color  as  the  Distinguishing  Feature 

1.  Reactions  to  the  basic  colors,  blue,  green,  yellow, 
red,  and  to  the  whole  spectrum  of  visible  light  (flashlight 
bulb  light).  The  basic  colors  were  produced  by  light  passing 
through  transparent  colored  paper  [see  Note]  (Figure  82). 

[Note]  Z  am  indebted  for  the  measurements  of  the  spectral  curves  of 
the  oolored  papers  to  the  Physios  Institute  of  the  Technical  University  of 
Brunsvick  through  the  kind  offices  of  Prof. Dr.  Sehaller*  They  were  done  with 
a  spectrophotometer  Type  Sb  500,  "Unicam, "  no.  11766.  The  souroe  of  light 
was  a  tungsten  lamp.  Width  of  slit:  0.11  mm,  I  ■  intensity  transmitted  through 
the  paper,  Z0  •  original  intensity.  Maximum  scatter  of  the  measured  values  1.5. 
[For  graphic  representation,  see  the  next  page.  ] 

2.  Use  of  monochromatic  filter  oolors  [see  Note]  lying 
within  the  epeotral  range  of  the  female  light  (Figure  83)* 

[Note]  I  thank  the  firm  Jenaer  Glaswerke  Sohott  und  Genoeson  here 
for  the  loan  of  the  interference  eolor  filter  used  (manufacturing  specifica¬ 
tions:  IL  no.  629  416,  617. 351,  631  048,  617  876,  135  417,  619  157,  608  806, 

624  815  606  301,  620  472). 
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Figure  84.  Light  decoys:  Comparison  of  the  optimal  excitatory  colors. 

Left:  Laroyria:  a  «  15,  N  *  363}  right:  Phausis:  a  ■  30.  S  ■  275. 

Vertical  scale:  approaches,  a)  yellow,  b)  whole  spectrum,  c)  female  controls, 
d)  blue. 

Iampyri8  pay  little  attention  or  none  at  all  to  the 
basic  oolors  blue,  green,  and  red,  while  they  respond  maximal¬ 
ly  to  yellow.  The  more  exaot  analysis  with  monoohromatio 
oolor  filters  shows  the  same  thing,  and  also  shows  that  the 
energy  maximum  of  the  speotrum  of  light  emitted  by  the  female 
(around  570  mp)  ooinoides  with  the  maximum  number  of  approaches 
to  artificial  decoys  that  emit  light  of  the  same  wave-lengths. 

The  same  holds  for  ffhauaijs  males  —  maximum  number  of 
approaches  when  the  wave-lengthi  are  used  in  whioh  the  light 
emitted  by  the  female  is  richest.  On  the  other  hand  they  dif¬ 
fer  very  strikingly  and  unexpectedly  from  the  Lajnnvris  males 
on  the  following  points:  They  react  very  well  to  all  wave- 
lengths  of  visible  light,  and  even  have  a  eeoond  maximum  in 
the  blue  light  range  that  actually  surpasses  that  in  yellow 
light.  It  is  a  remarkable  faot,  however,  that  blue  light  is 
missing  from  the  emission  speotrum  of  all  developmental  stages, 
short-wavs  visible  light  being  in  faot  represented  there  only 
at  very  low  energy. 

The  oomparison  of  the  optimally  excitatory  colored  lights 
(Figure  84)  with  genuine  females  demonstrates  for  both  species 
that  the  corresponding  monoohromatio  lights  induce  the  approach 
flight  of  the  males  not  only  optimally,  but  "aupemoroally .  ’* 
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a)  b)  <■) 


Figure  85*  Lignt  decoys:  distinguishing 
characteristic  bri^xtnesa.  Rotation  as 
in  Figure  62. 

L:  n  «  11,  N  -  130. 

P:  n  -  30,  K  -  104. 

a)  darker  than  female 

b)  female  controls 

c)  brighter  than  female 


The  decoys  (Figure  85)  were  about  the  same  amount 
brighter  or  darker  than  the  female  light  for  the  two  species. 
Measurement  of  the  relatively  slight  intensity  of  these  little 
glowing  surfaces  with  instruments  was  not  possible,  but  only 
a  subjective  comparison.  The  decoys  were  lighted  with  normal 
light  (that  is  in  the  following  experiments  the  light  of  a 
flashlight  bulb  with  all  wave-lengths  of  visible  light). 


Lamp vr is  males  prefer  the  intensity  of  the  natural  fe- 
brighter  and  less  bright  decoys.  They  often  ran  in  a  straight 
line  toward  the  brighter  decoys  up  to  a  certain  distance  from 
them,  only  to  turn  aside  then  or  turn  around,  as  rarely  hap¬ 
pens  otherwise  in  their  approaches,  or  after  a  normal  approach 
they  become  inaotive  before  the  brighter  decoy  for  several 
minutes,  with  retracted  head  and  bowed  prothorax;  this  is  the 
same  as  the  reaotion  to  too  strong  light  (of.  Chapter  D  I,  2a). 


Phausis  males  always  definitely  prefer  the  greater  in¬ 
tensity. 


In  this  series  of  experiments  (Figure  86)  I  used  over¬ 
sized,  normal,  and  undersized  deooys  (the  normal  deooy  having 
the  surfaoe  dimensions  and  arrangement  of  the  luminous  organs 
of  an  average-sized  female).  For  both  speoies  the  surfaces 
of  the  oversized  deooys  are  about  four  times  as  large  as  the 
normal  deooys,  and  the  undersized  deooy  in  the  oase  of  L&mpy- 
ffis  is  reduoed  by  1/3,  for  Phausis  by  1/2.  The  Fnausls,  under¬ 
sized  deooy  also  has  only  two  pairs  of  points  of  light  (as  is 
not  infrequent  in  nature)  instead  of  the  three  of  the  normal 
deooy.  —  Lighting  with  normal  light. 
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Figure  86.  Light  decoys:  distinguishing  feature  size.  Notation  as  in  Figure 
82.  L:  n  »  22,  N  *  155;  P:  n  «  30,  N  ■  134.  a)  normal  decoys,  b)  oversized 
decoys,  e)  undersized  decoys. 

Figure  87.  Light  decoys:  distinguishing  feature  movement.  Notation  as  in 
Fi ®ire  82.  L:  n  ■  13,  N  *  93;  P:  n  .  •  30,  N  »  131.  a)  moving  decoy, 
b)  stationary  deooy,  o)  female  control. 

Figure  88.  Light  decoys:  distinguishing  feature  duration  of  light  (constant 
vs.  intermittent  light).  Notation  as  in  Figure  82.  L:  n  ■  22,  N  ■  164; 

P:  n  -  30,  N  •  185.  a)  female  norm  deooy,  b)  flashing  decoy. 

In  the  o&se  of  lampyria  the  normal  decoys  get  the  maxi¬ 
mum  number  of  approaches,  in  the  ease  of  Phausis  the  oversized 
ones.  The  varying  size  of  the  luminous  organs  of  Lampvris  fe¬ 
males  due  to  the  considerable  differences  in  body  sice  (less 
in  Phausis)  has  no  advantages  in  the  extreme  oases,  which  lie 
within  the  range  of  the  light  deooys  used  here,  but  not  too 
great  disadvantages,  either. 

*)  Movement  as  the  Characteristic  Feature 

The  point  of  departure  for  the  comparison  of  moving  and 
stationary  deooys  (Figure  87)  was  the  observation  that  unmated 
Iftmpvria  females  (but  not  Phauais  females)  toward  the  end  of 
their  lifetimes  make  beckoning  motions  with  the  abdomen,  whioh 
bears  the  luminous  organs.  With  the  moving  deooy  pendulum 
motions  of  about  5  mm/eeo  were  produoed,  approximately  corre¬ 
sponding  to  those  of  the  female,  although  the  latter  are  not 
strictly  rhythmical. 
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The  "old"  beckoning  lanrevrls  female  should  actually 
have  aoaevfcat  greater  success  in  attracting  males  than  the 
“young’1  non-beckoning  one.  Control  experiments  with  Phausis, 
on  the  other  hand,  show  a  decrease  in  approaches  in  the  case 
of  moving  light  decoys.  If  the  decoy  was* moved  about  10  cm/sec, 
the  number  of  approaches  for  those  decoys  went  down  very  sharp¬ 
ly  with  both  species,  an  observation  that  I  followed  for  about 
an  hour  but  did  not  evaluate  statistically.  —  Lighting  with 
normal  light . 

)  Duration  of  Light  as  the  Characteristic  Feature 
(Comparison  of  Constant  Light  and  Bhythmic&lly  Plashing 
Light) 

The  effect  of  rhythmical  shining  (=  flashing,  similar 
to  that  of  species  of  Luciola  and  the  American  species)  was  to 
be  investigated.  Along  with  the  continuously  glowing  normal 
decoy  a  female  decoy  was  offered  that  glowed  for  1/2  second 
per  second  (Figure  88).  Lighting  with  optimal  light  (here¬ 
after  always  yellow  light  for  Lamnvris.  blue  light  for  Phausis ) . 
—  If  with  the  same  length  of  flash  the  frequency  was  reduced 
to  one  flash  every  two  seconds,  the  males  usually  interrupted 
their  course  toward  the  decoys  with  the  interruption  of  the 
light. 

The  lower  rate  of  approaches  of  both  species  to  the 
flashing  decoy  may  be  attributable  to  the  lack  of  the  constant¬ 
ly  effective  stimulus  or  to  the  incapacity  to  orient  themselves 
to  the  temporarily  "attraotionless"  decoy,  as  has  been  observed 
with  the  flashing  American  species  (Mast  [82]). 

t)  Pattern  (Arrangement  and  Shape  of  the  Decoys)  as 
the  Characteristic.  Feature 

1.  Regrouping  and  modification  of  the  luminous  fields 
of  the  female  luminous  organs  (Figures  89a-b),  lighting  with 
optimal  light.  —  These  important  series  of  experiments  were 
carried  out  in  order  to  determine  to  what  extent  the  patterns 
of  luminescence  of  the  female  luminous  organs  peculiar  to  the 
apeoies  also  constitute  specific  stimuli  for  the  males  of  a 

fiven  apeoies.  This  question  arose  from  the  faot  that  the 
ight  emitted  by  the  females  of  the  two  speoiea  is  alike,  so 
that  its  pure  speotrum  cannot  isolate  the  species,  and  from 
the  faot  that  the  arrangement  and  formation  of  the  individual 
luminous  fields  are  quite  markedly  different  in  the  females  of 
the  two  speoies. 

2.  Deooys  with  round,  reotangular,  and  broken  luminous 
fields  of  varying  sise  (Figure  90a-c)  were  compared  with  the 
corresponding  female-norm  aeooys.  —  Lighting  with  optimal 
light. 
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Figure  90.  Ligat  decoys,  a)  with  round, 
b)  with  rectangular,  c)  with  broken 
surfaces.  Notation  as  in  Figure  82. 

a)  Ls  n  •  25,  K  •  329. 

P:  n  -  30,  K  -  424. 

b)  L:  a  -  15,  X  •  322. 

P:  a  •  30,  X  -  216. 

c)  L:  a  •  25,  X  -  192. 

Pi  n  •  35,  X  -  253. 


Vith  Lampvrlc  any  modification  or  regrouping  of  the 
typical  female  luminous  field  combination  causes  a  reduced  nm- 
ber  of  Mnroachea,  eapeoially  in  the  more  greatly  modified  of 
Pigurea  89a  II,  III,  which  do  deviate  sharply  from  the  type 
of  arrangement  typical  of  the  Iannyria  female's  luminous  organ, 
{[•groupings  and  simplifications  of  the  pattern  of  light  of  the 
females  affsot  their  males  more  strongly  than  ths  nor- 

females 


ecoy  if  ths  ares  is  also  increased; 


with  more 
acre  successful. 


Unbroken  surface  patterns  of  light  are  preferred  by 
both  species  to  the  Iroken  surfaces.  That  in  the  case  of  the 
Lampyrls  male,  with  its  marked  preference  for  the  typical 
luminescent  pattern  of  the  female,  the  number  of  approaches 
increases  with  the  size  of  the  area  gives  grounds  for  conjec¬ 
ture  that  a  transition  to  general  (i.e.  not  absolutely  sexual¬ 
ly  conditioned)  positive  phototaxis  is  taking  place  here, 
while  the  more  intensive  approaches  to  any  large  surfaces  in 
the  case  of  the  Phausis  male  come  nearer  corresponding  to  our 
previous  observations. 

ij)  Preference  Tests 

(Figure  91  with  Optimal  light,  Figure  32a, b  formal  light) 


Figure  91.  Light  decoys:  Choice  between  luminescing  developmental  stages  of 
the  two  species.  For  identification  of  the  luminous  organs  (abscissa)  of. 
Figure  33a-o.  Notation  as  in  Figure  82.  L:  n  ■  26,  N  •  295;  P:  n  »  30, 

N  ■  322. 


Figure  92a.  Choice  of  males  of  the  two  speoies  between  female  light  deooys  and 
genuine  females  of  the  two  species.  Notation  as  in  Figure  82.  L:  a  •  47, 

N  •  188;  P:  n  •  40,  N  *  241. 


figure  92b.  Choice  of  the  Phausis  male  between  kffflKSla  *°d  EhSU§£& 
deooys  (n  •  35,  N  *  124).  The  oolumns  marked  X  are  a  compilation  of  results 
obtained  at  different  times.  They  show  that  tha  results  always  remain  almos 
in  the  same  proportion.  Such  controls,  though  used  in  other  caeee,  are  not 


shown  in  ths  other  graphs. 
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The  figures  (91,  92a-b)  confirm  what  was  suggested  in 
Is  The  Lampyris  males  “recognize11  quite  well  the  proper  ar¬ 
rangement  of  the  luminous  fields  of  their  females.  They  can 
hardly  confuse  the  other  luminescing  developmental  stages  of 
the  two  species  (for  the  identification  of  these  cf.  Figures 
33a-e)  with  their  females  (Figure  91).  The  fact  that  Phausis 
male  luminous-organ  decoys  are  relatively  much  frequented 
may  be  explained  by  the  fact  that  they  resemble  xhe  luminous 
organs  of* small  Lampyris  females  (if  we  disregard  the  little, 
dot-like  pair  of  luminous  organs  carried  over  from  the  larval 
stage). 

Phausis  males  on  the  other  hand  cannot  distinguish  be¬ 
tween  their  own  and  Lampyris  females;  the  decoy  experiments 
confirm  in  this  respect  the  observations  often  made  in  the 
field  (see  page  118;.  Before  the  glowing  larval  stages  of  the 
two  species  the  number  of  approaches  drops  off;  their  light, 
coming  on  erratically,  must  rarely  lead  males  astray  in  the 
field  as  well,  —  at  any  rate  I  never  was  able  to  observe  it. 
The  glowing  Phausis  males  are  equally  rarely  approached,  since 
they  fly  themselves.  (On  this  point  cf.  1  c  d). 

On  the  light  decoy  experiments  the  following  may  be 
said  in  summary:  The  first  reaction  in  the  stimulus-reaction 
chain  of  sexual  behavior,  t\  approach  flight  of  the  males, 
leads  reliably  to  the  goal,  namely  to  the  female  of  the  same 
species,  only  in  the  case  of  the  Lampyris  male.  Here  the  con¬ 
ditions  of  the  female  light,  such  as  maximal  luminous  energy 
in  the  yellow  range,  intensity,  size,  and  arrangement  are 
optimal.  Deviations  from  this  norm  yield  inferior  results, 
monochromatic  yellow  light  when  combined  with  the  other  charac¬ 
teristics  of  the  norm  yields  above-normal  ones. 

Any  visible  light  will  serve  to  trigger  the  approach 
flight  of  the  Phausi3  male  (as  long  as  it  is  not  strong  enough 
to  bring  about  negative  phototaxis),  quite  independent  of  the 
arrangement  of  the  luminous  fields.  The  wave-lengths  strong¬ 
est  in  the  light  emitted  by  their  females  have  an  optimal  ef¬ 
fect,  although  other  colors  of  visible  light  precipitate  the 
reaction  quite  well.  Blue  light,  which  occurs  nowhere  in  the 
emission  spectra  of  the  species  studied,  has  an  above-normal 
effect.  This  explains  w hy  Phausis  males  cannot  distinguish 
their  own  from  Lampyris  females. This  defective  performance, 
which  is  not  insignificant  in  view  of  the  short  lifetime  of 
the  £m§£ijies,  may  be  compensated  for  by  overproduction  of  males 


Excitatory  Effect  of  the  Female  Odor 


From  the  above  it  is  clear  that  flight  toward  the  female 
odor  —  if  it  occurs  at  all  —  can  only  be  conceded  a  minor 


rftle,  although  the  Laarovris  females  at  least  give  off  a  clear¬ 
ly  perceptible ,  somewhat  cabbage-like  odor. 

The  above-described  attempts  at  copulation  by  the  males 
among  themselves,  which  at  least  in  Lamoyris  are  initiated 
without  the  influence  of  light,  copulations  with  non-glowing 
females  that  the  males  encounter  accidentally,  and  the  whole 
foregoing  chapter  do  not  rule  out  any  olfactory  influence 
either  in  the  males'  approach  flight  or  in  the  rest  of  the 
sexual  behavior. 

The  following  experiments  were  carried  out  with  both 
species  under  as  nearly  natural  conditions  as  possible,  with 
weak,  diffuse,  non-disturbing  light  in  the  laboratory. 

1.  Freely  moving,  non-glowing  females  and  females  with 
luminous  organs  covered  or  darkened  with  black  lac  were  not 
approached  by  flight  (even  in  the  field).  —  But  if  such  fe¬ 
males  were  approached  by  the  males  within  about  5-15  mm,  sud¬ 
den  searching  movements  of  the  male  usually  brought  about  a 
contact  very  quickly,  and  this  in  turn  led  to  coitus. 

2.  Females  that  had  been  dead  for  forty  hours  and  were 
in  fact  slightly  putrefied  induced  sexual  behavior  in  the  male, 
which  usually  ended  with  a  normal  copulation  of  normal  dura- 
tion. 

3.  Female  parts  (head,  thorax,  abdomen,  and  entrails 
respectively)  were  arranged* in  a  circular  pattern  (5-7  cm  in 
diameter)  and  males  ready  to  mate  set  in  the  center  of  the 
circle.  In  every  case  the  males  when  they  came  upon  the  fe¬ 
male  parts  showed  a  behavior  clearly  deviating  from  the  normal 
movement :  Staying  on  the  spot  with  vibrating  move  ment  of  the 
antennae,  cautious  feeling  over  the  female  parts;  finally  the 
males  ran  alongside  the  parts  and  at  fairly  large  abdominal 
parts  actually  unsheathed  the  penis  —  all  indications 

that  a  female  odor  is  quite  well  perceived  and  has  a  sexually 
exciting  effect.  Still  more  definite  was  the  sudden  change 
is.  behavior  when  males  running  free  and  in  straight  line  out¬ 
side  the  radius  of  the  odor  suddenly  encountered  it. —  The 
males  showed  similar  reactions  to  fresh -laid  eggs. 

4.  The  following  series  of  experiments,  oarried  out  only 
with  Lamnvrls.  will  be  discussed  in  part  in  the  next  chapter. 

I  attempted  to  study  the  selective  effect  of  the  female  odor 
of  partioular  regions  of  the  body  and  at  the  same  time  the  sex¬ 
ual  effeot  of  partioular  bodily  shapes  of  the  female  by  the 
use  of  mutilated  females. 

a)  Isolated  female  head  +  prothorax:  attention  for 
minutes,  with  lively  feeling  and  rapid  movements  as  at  the 
beginning  of  oopul&tion;  the  penis  is  not  protruded* 
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b)  Isolated  nesothorax  and  metathorax:  as  in  a),  but 
less  long  and  intensive. 

c)  Isolated  abdomen:  rapid  and  correct  orientation, 
complete  normal  copulation  as  with  the  normal  female  (duration 
9-17  minutes)  (Figure  93V 

v  GRAPHIC  NOT  REPRODUCIBLE 

\~*V. 

yr'  '  ~  . 
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Figure  93.  Copulation  with  isolated  female  abdomen  (Laapyris) . 

d)  A  female  without  the  last  three  abdominal  segments: 
as  in  c),  but  with  shorter  duration.  The  penis  is  introduced 
into  the  open  end  of  the  abdomen  and  withdrawn  several  times 
in  rapid  succession;  'the  female  is  then  soon  abandoned. 

d)  The  fore  end  of  the  female  (=  head  +  thorax  and  legs) 
was  replaced  with  the  rear  end  (=  last  three  abdominal  segments) 
result  as  in  c).  —  The  description  of  the  results  of  this 
series  refers  to  Lampyris . 

Phausis  males  ready  to  copulate  react  to  fragments  of 
their  females  much  more  powerfully  and  intensively;  even  fe¬ 
male  entrails  bring  about  protrusion  of  the  penis.  In  spite 
of  the  fact  that  in  all  the  above  individual  experiments  the 
normal  copulation  behavior  of  the  male  was  induced,  however, 
copulation  was  achieved  less  frequently  than  with  Lampyris . 

The  female  odor  is  thus  not  a  remote  stimulus  for  the 
approach  flight  of  the  male,,  but  doubtless  contributes  greatly 
to* intensifying  the  sexual  reaction  to  the  female.  In  parti¬ 
cular  it  apparently  makes  possible  orientation  to  the  female, 
although  we  oannot  say  what  bodily  parts  of  the  female  serve 
this  purpose  (of.  the  next  chapter).  The  external  female  sex¬ 
ual  parts,  which  the  long-waiting  female  protrudes  (see  page 
95)  oannot  be  oonsidered  responsible  for  it,  for  even  without 
them  the  normal  sexual  behavior  leads  to  "copulation"  (of.  4&). 


Sife< 


le  Female 


After  the  results  of  the  preceding  ohapter  the  question 
arises  whether  the  mere  form  of  the  female  plays  a  definite 
yfile  in  the  sexual  behavior.  In  that  line  the  following  re¬ 
sults  were  obtained: 
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1.  Females  fixed  in  alcohol  for  a  year  were  offered 
after  repeated  washing  in  sterile  distilled  water  to  males 
ready  for  copulation.  These  lifelike  form  “decoys"  induced 
nc  approaches  or  other  reactions. 

2.  These  decoys  were  smeared  with  material  from  mashed 
females.  They  then  had  the  same  effect  a3  the  "odor  rings'* 
(see  preceding  chapter) ,  and  in  addition  were  occasionally 
mounted  with  protruded  penis. 

5*  Plasticine  imitations  of  the  female  shape  had  no 
effect  on  the  males. 


4.  Plasticine  imitations  that  were  smeared  with  materi¬ 
al  from  mashed  females  or  the  end  of  which  was  dipped  into 

a  severed,  mashed  abdomen  of  a  freshly  killed  female  had  the 
effect  described  in  2. 

5.  Combinations  of  plasticine  fore  end  with  female 
rear  end  and  plasticine  rear  end  with  female  fore  end  had 
the  effect  described  in  2  or  as  in  4c  (preceding  chapter) . 


6.  Females  were  surrounded  with  cylindrical  plasticine 
shells  so  that  only  the  fore  end  and  the  rear  end  (=  the  last 
two  abdominal  segments)  remained  free.  Ho  matter  from  what 
side  the  male  approached  this  ** semidecoy , "  orientation  to  the 
female  and  copulation  ran  normally  in  every  respect,  although 
the  male  as  he  moved  backward  to  hunt  for  the  female  copulative 
opening  completely  lost  feeler  and  tarsi  contact  with  the  big 
female  (Figure  94). 


Figure  94.  Copulation  (and  attempt  at  oriantation)  with  a  femala  curroundad 
with  a  cylindrical  plaatioint  shell  (LemnvrlB  sales  and  t aaales) . 


According  to  these  findings  the  shape  of  the  female 
body  appears  to  be  largely  secondary  for  the  sexual  behavior. 
It  may  also  be  stated  on  the  basis  of  these  experiments  and 
various  ones  described  in  the  previous  ohapter  that  it  plays 
no  part  in  the  orientation  either. 

4.  Combination  of  Light  and  Form  Decoys 

An  attempt  was  made  to  olarify  the  question  whether 
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the  female  bodily  form  in  connection  with  a  light  decoy  has  an 
excitatory  effect.  The  female  form  in  question  was  about  5  mm 
away  from  the  light  decoy.  The  following  experiments  were  car¬ 
ried  out  with  both  species. 

1.  Female  light  decoy  +  non-glowing  living  female:  The 
light  decoy  was  approached  first;  only  through  chance  contact 
with  the  female  did  a  copulation  come  about . 

2.  Female  light  decoy  +  dead  female:  result  as  in  1. 

5*  Female  light  decoy  +  female  preserved  for  a  year  in 
alcohol  and  washed  for  days:  approaches  only  to  the  light  de¬ 
coy. 

4.  Female  light  decoy  +  plasticine  imitation  of  the  fe¬ 
male:  result  as  in  3. 

5.  For  Phausis  males  a  glowing  Lamnyris  female  decoy  was 
combined  with  a  non-glowing  Phausis  female.  Result  as  in  l.j 
the  Lamnyris  female  light  decoy  was  approached  first.  When  the 
female  was  accidentally  found,  attempt  at  copulation.  If  the 
female  ran  away,  the  male  left  her  and  went  back  to  the  Lanroy- 
ris  female  light  decoy.  Return  to  the  light  decoy  when  the 
female  of  the  male's  own  species  ran  away  was  also  occasional¬ 
ly  observed  in  experiment  no.  1. 

6.  The  combination  of  Phausis  female  light  decoy  and 
non-glowing  Lampyris  female  had  no  success  with  Lampyris  males. 

5.  Excitatory  Effect  of  Movement  Stimuli 
Durin/zT  Approach  and  Copulation 

As  described  in  Chapter  Dll,  the  female  hardly  makes 
specific  excitatory  movements  in  the  course  of  copulation  at¬ 
tempts  and  during  copulation.  Since  copulation  with  dead  fe¬ 
males  is  possible,  it  appears  that  no  essential  mechanical 
movement  stimuli  come  from  the  females.  Some  stimulus  is 
necessary,  however,  that  induces  the  female  to  give  up  the 
typloal  glowing  posture  and  assume  the  normal  walking  posture 
without  which  oopulation  is  impossible.  This  change  comes 
with  taotile  stimuli  at  any  point  when  a  male  approaches  the 
female.  —  The  meohanioal  stimulus  of  the  searohing  movements 
of  the  penis  induces  the  female  to  raise  the  tip  or  the  ab¬ 
domen,  and  this  faoilitatss  oopulation;  in  the  oase  of  dead 
females  the  oopulation  attempt  takes  longer.  In  addition  the 
vibratory  motions  of  the  male's  antennae,  whioh  are  directed 
predominantly  toward  the  fore  end,  especially  the  head,  appear 
to  lnduoe  the  female  to  stay  on  the  spot.  This  may  be  observed 
e.g.  when  a  male  is  brought  to  a  running  female  during  the 
aotive  period.  Experimentally,  too,  the  locomotion  ox  a  female 
may  be  stopped  by  touohing  the  fore  end  lightly  but  with  high 
frequenoy  with  a  soft  brush.  In  attempted  oopulation  of  Fhau- 


Sis  males  with  Lanrovris  females  the  female  takes  to  flight, 
evidently  because  the  smaller  Phausis  males  cannot  provide 
this  'stimulus.  All  the  above  tactile  stimuli  can  be  experi¬ 
mentally  provided  successfully' with  females  willing  to  mate. 

Along  with  light  and  olfactory  stimuli  these  move¬ 
ment  stimuli  appear  to  be  not  entirely  without  significance. 

In  any  case  the  movement-stimuli  reaction  chain  between  male 
and  female  accelerates  the  undisturbed  course  of  the  sexual 
relations  (compared  with  copulations  with  dead  females). 

Annex:  Attempts  at  a  "Male  Pattern" 

The  relatively  great  passivity  of  the  females  in  the 
choice  of  partners  does  not  in  itself  mean  that  there  is  no 
"male  pattern"  for  the  females.  The  Phausis  males,  equipped 
with  splendid  luminous  organs,  come  in  for  special  considera¬ 
tion  in  this  respect,  especially  as  it  is  precisely  their  fe¬ 
males  that  possess  in  the  prothorax,  which* covers  the  eyes, 
two  large  transparent  (completely  pigment-free)  windows,  such 
as  are  otherwise  known  only  in  the  males  of  the  two  species, 
but  not  in  Lanrovris  females .  On  this  point  I  did  the  follow¬ 
ing  experiments: 

1.  In  both  species:  If  COj  narcotized  or  freshly  killed 
male 8  are  presented  to  females  ready  to  mate  (in  the  glowing 
posture),  nothing  at  all  shows  up  in  the  behavior  of  the  fe¬ 
males  that  would  justify  inferences  as  to  a  sexual  "affect." 

2.  In  Phausis:  a)  Slowing  Phausis  males  immediately 
before  the  eyes  of  remales  ready  to  mate  (i.e.  exhibiting  com¬ 
plete  sexual  appetenoy  behavior). 

b)  Non-glowing  males  in  the  immediate  vicinity  of  fe¬ 
males  ready  to  mate,  but  not  touohing  them. 

o)  Material  from  mashed  males  in  immediate  vicinity  of 
females  ready  to  mats,  but  not  touohing  them. 

d)  Male  light  deooys  (whloh  see)  in  varying  intensity 
before  the  eyes  or  females  ready  to  mate:  With  too  strong 
intensity  of  the  decoy  light  the  females  give  up  the  glowing 
posture,  sad  when  subjected  for  long  to  tne  sffsot  of  the 
light  they  seek  out  hiding  plaoes  (of.  phototaxis,  Chapter 
D  X  2). 

All  these  attempts  to  find  out  something  about  the  sf¬ 
fsot  end  signifieanoe  of  ths  Phausis  male  light  were  complete¬ 
ly  without  results)  neither  en  optical  nor  an  olfaotory  sffsot 
on  their  females  oould  be  demonstrated. 

On  ths  analysis  of  ths  "fsmsls  pattern"  ths  following 
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may  be  said  by  way  of  summary: 

The  sexual  appetency  behavior  of  the  two  species  agrees 
in  the  main.  Any  effect  that  isolates  the  specie.:-  reduoes 
errors  in  the  choice  of  partners  must  therefore  be  looked  for 
primarily  in  the  grouping  and  choice,  typical  of  the  species, 
of  definite  key  stimuli  (the  inherited  excitative  mechanism) 
and  in  morphological  and  physiological  differentiations. 

1.  The  inherited  excitative  mechanism  for  the  approach 
flight  is  simply  the  light  emitted  by  the  female,  which,  for 
for  Lampyris  males  must  not  only  have  a  definite  quality,  but 
also  be  radiated  out  in  a  specific  surface  arrangement.  Phau- 
sis  males  react  to  very  unspecific  light  and  consequently  con¬ 
fuse  their  females  with  those  of  Lampyris .  Certain  light  de¬ 
coys  operate  as  supernormal  stimuli.  Odoriferous  substances 
of  the  females  play  no  part  as  remote  stimuli  for  the  approach 
flight. 

2.  The  inherited  excitative  mechanism  for  orientation 
to  the  female,  for  protruding  the  penis,  and  for  the  actual 
copulation  appears  to  be  based  on  restricted  components  of  an 
olfactory  and  tactile  nature  for  both'  species.  The  olfactory 
component  is  superior  to  the  tactile.  Since  decoy  experiments 
with  natural  odoriferous  substances  are  difficult  to  carry  out, 
I  can  make  no  detailed  statements  as  to  the  specific  inherited 
excitative  mechanisms.  It  is  not  possible  to  localize  specific 
stimulative  odoriferous  substances  in  definite  bodily  regions 
of  the  female,  but  odoriferous  substances  are  nevertheless 
certainly  important  stimuli  at  close  range.  —  The  overall 
form  or  the  form  of  specific  parts  of  the  female  body  are  not 
to  be  oredited  with  any  stimulative  effect  when  Isolated  from 
other  components. 

3.  A  specif io  "male  pattern"  appears  to  be  lacking  in 
the  females  of  both  species. 

Hit  J&gfflttfitea 

The  rhythm  of  activity  and  luminescence  of  the  imagines 
serves  exclusively  the  purposes  of  reproduction  and  is  part  of 
the  sexual  appetency  behavior,  for  outside  the  aotlve-luaines- 
oent  phase  the  males  do  not  react  to  light  deooye  of  otherwise 
above-normal  effeot  (not  even  when  —  in  order  to  exclude  any 
fatigue  of  the  corresponding  reaction-specific  energy  —  males 
art  used  that  have  not  before  oopulated  or  been  used  for  decoy 
experiments).  Gradual  ineffectiveness  of  ksy  sexual  stimuli* 
presented  naturally  or  artificially,  after  a  certain  period  of 

Sood  effectiveness  ooinoides  with  the  end  of  the  active  phase, 
inoe  the  studies  of  the  normal  diurnal  rhythm  of  activity  and 
luminesoenoe  of  the  imagines  were  carried  out  without  any  in- 
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fluence  of  key  sexual  stimuli  (cf.  Chapter  D  I  la),  in  the 
ineffectiveness  of  the  inherited  excitative  mechanisms  for 
the  search  for  the  glowing  female  or  the  luminous  decoy  we 
are  not  concerned  with  exhaustion  of  reaction-specific  energy, 
hut  with  the  end  of  the  phase  of  activity  and  luminescence, 
conditioned  by  inherent  factors.  V/hile  the  approach  flight 
of  the  males,  which  can  be  often  repeated,  thus  appears  to 
consume  little  reaction-specific  energy,  on  the  other  hand 
the  final  act,  copulation,  can  less  often  be  repeatedly  in¬ 
duced. 

One  might  at  first  be  inclined  to  interpret  the  at¬ 
traction  of  the  males  by  the  female  light  by  saying  that  the 
positive  phototaxis  observable  in  many  nocturnal  insects  is 
utilized  here  in  the  sexual  appetency  behavior.  The  change 
from  positive  to  negative  phototaxis  at  "purposelessly"  high 
luminous  intensities  regardless  of  color  might  be  regarded  as 
evidence  in  favor  of  this  interpretation.  This  and  the  phys¬ 
ical  similarity  of  the  emission  light  of  the  females  of  both 
species  (and  all  developmental  stages)  makes  further  stimulus 
soreening  mechanisms  necessary.  My  decoy  experiments  with 
both  species  showed  that  only  a  few  characteristic  key  stimuli 
have  an  effect  on  the  corresponding  inherited  excitative 
mechanisms.  The  central  nervous  "screen"  between  light-sensi¬ 
tive  organ  and  motor  center  is  finer  and  better  differentiated 
in  lempyris  males  than  in  Phausis  males,  so  that  the  latter 
on  taeir  approach  flights  often  confuse  their  females  with 
those  of  Lamnvris:  it  might  also  be  said  that  the  "Lamuyris 
female  pattern"  is  also  contained  in  the  stimulus  screenings 
of  the  Phausis  male.  The  sharpness  characteristic  of  the  look 
and  key  system  for  Phausis  thus  appears  to  be  much  attenuated, 
and  this  may  be  "compensated  for"  by  the  overproduction  of 
males  of  this  species  and  by  the  morphologically  conditioned 
impossibility  of  oopulation  with  jaaBHCU  **■»!••  (of.  Chapter 

Phausis  seems  less  highly  specialized  than  Lwanyyia  in 
various  respects  (ethologically  and  morphologically!  Phausis 
females  e.g.  with  prominent  rudimentary  wings,  which  bring 
them  closer  to  the  normal  beetle  type;  pigmentless  prothorax 
windows,  such  as  belong  to  the  males  of  both  apeoies),  and 
probably  is  closer  to  the  original  type  of  lampyridae  (with 
Mixes  showing  no  greet-  sexual  dimorphism). 

Prom  this  phylogenetio  standpoint  the  Imaginal  luminous 
organ  of  the  Phausis  males,  vhioh  has  beoome  sexually  funotion- 
less,  appears  understandable,  for,  as  is  well  known,  the  other 
lampyridae,  vhioh  ere  not  sexually  dimorphous  or  not  so  muoh 
so,  still  have  imaginal  luminous  organs  in  both  ssxss.  Buck 
123]»  to  bt  sure,  oonsiders  that  it  is  they,  vhioh  find  eaoh 
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other  by  means  of  a  mutual  flashing  signal  duet  (see  below), 
that  are  to  be  regarded  as  derived  forms  in  comparison  to  the 
lampyridae  with  continuous  or  intermittent  luminescence. 


The  sexual  behavior  of  the  few  lampyridae  thus  far 
accurately  observed  (chiefly  American  species)  is  different 
from  that  of  our  native  species.  They  all  seem  uo  belong 
to  the  same  light-emission  type,  namely  the  flashing  mype 
(see  cage  87).  Buck  [ 12-21],' Hess  L53j,  Mast  [32],  ana  ...lor- 
mott  183-38]  agree  in  reporting  that  the  females  respond  ex¬ 
clusively  to  spontaneous  flashes  of  the  males  or  (not  in  all 
cases)  to  artificially  (with  pocket  flashlights,  matches,  and 
the  like  —  Buck,  Mast,  McDermott)  imitated  flashes  with 
flashes  of  their  own.  The  males  then  orient  themselves  im¬ 
mediately  toward  the  flashing  females  (and  according  to  Mast 
not  to  artificial  light)  if  the  answering  flash  of  the  female 
follows  the  male  flash  at  the  interval  of  time  characteristic 
for  the  species.  Through  repeated  signaling  and  continued 
orientation  of  the  males  the  meeting  and  copulation  finally 
come  about.  The  females  (according  to  Mast)  constantly  turn 
the  abdomen,  equipped  with  the  luminous  organs,  in  the  direc¬ 
tion  of  the  flashing  males.  These  lampyridae  never  respond 
to  continuous  light  (of  artificial  sources  of  light)  (Mast. 
McDermott).  The  southern  European  luciola  species  (Emery  137, 
36]  and  my  own  observations,  unpublished)  belong  to  the  same 
flashing  type. 


The  sexual  appetency  behavior  of  these  flashing  and  our 
slowly  intermittent  glowing  types  (in  Buck's  sense)  is  thus 
basically  different:  In  the  former  the  males  spontaneously 
flash  in  a  definite  rhythm  and  their  otherwise  non-glowing  fe¬ 
males  answer  by  flashes.  In  our  speoiea  the  females  glow 
without  the  influenoe  of  the  males  throughout  the  activity 
oyole  continuously  and  in  a  typical  motionless  gloving  posture. 
The  optical  situation  that  induoes  the  final  aot,  copulation, 
is  thus  also  different:  Bor  the  flashing  species  the  time 
relationship  botveen  male  and  female  flash  and  the  duration 
and  nature  of  the  flashes  is  typical  (Figure  95).  Sines  in 
our  species  neither  the  males  nor  their  light  (if  it  occurs 
visibly  at  all)  affects  the  females  and  the  female  light  of 
the  two  speoiea  is  not  different,  the  system  of  stimuli  must 
look  different.  While  both  sexes  of  the  flashing  speoies  are 
extraordinarily  aotive,  in  our  spools*  the  females  have  a 
largely  paseive  behavior. 

Thie  difference  in  the  eexual  behavior  of  the  two  groups 
has  not  been  considered  previously.  Instead  the  observations 
of  American  lampyridae  have  simply  been  transferred  in  an  in¬ 
admissible  way  to  all  lampyridae.  But  the  almost  exclusively 
descriptive  observations  of  the  sexual  behavior  of  flashing 
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lampyridae  (with  the  exception  of 
gho-ir.u3  pyralls.  which  Buck  [21] 
studied  more  accurately  experi¬ 
mentally)  will  only  have  the  value 
of  preliminary  studies  until  they 
are  followed  up  by  more  exhaustive 
experimental  analyses.  Such  ana¬ 
lyses  seem  all  the  core  to  be  a-- 
sired  in  view  of  the  fact  that 
often  several  species  inhabit  com¬ 
mon  biotopes  and  that  —  as  shown 
by  Figure  95  and  Sable  16  —  many 
species  do  not  differ  essentially 
in  rhythm  of  flashing,  in  duration 
of  flashes,  or  in  the  spectral 
range  of  the  light  emitted,  be¬ 
sides  mechanisms  to  isolate  the 
species  we  should  expect  to  find 
in  the  flashing  species  a  "female 
pattern"  and  a  "male  pattern, "  since 
for  both  sexes  an  active  reaction 
to  light  is  prerequisite  to  their 
meeting.  We  are  still  far  from  a 
precise  knowledge  of  the  specific 
inherited  exoitative  mechanisms 
of  the  various  emission  types  of 
lampyridae. 


Supplementary  Observations 


The  larvae  of  both  species  fall  into  akinesia  upon  meoha- 

?ical  stimulation,  especially  of  the  oephalothoracio  region 
touoh,  agitation*  eto.).  —  In  Faauale  after  stimuli  the 
bodily  posture  remains  unchanged,  but  after  ruder  stimuli  the 
lnseot  curls  its  body  mors  or  less  aeaicircularly,  draws  in 
tbs  extremities,  and  falls  on  its  aids  or  baok.  On  its  back 
or  aide  the  larva  alvaya  falls  into  akintalt  in  the  posture 
described*  Motionlessness  and  inhibition  of  correction  of  the 
posture  may  last  for  hours.  (Very  inconvenient  in  experiments!) 
—  In  Wpli  akinesia  is  not  so  pronounced.  Zn  contrast  to 
ftsusla  it  almost  always  assumes  a  side  or  back  position  and 
is  beat  in  s  semiolrole.  the  duration  is  restrioted  to  ssooads 
or  st  sost  to  a  few  minutes.  Grasping  reflex  and  righting  re¬ 
action  are  abeent  in  both  speoits. 

With  repeated  stimulation  the  state  of  sklnesis  beooaes 
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Mechanical,  chemical,  and  thermal  stimuli 
at  an  intensity  exceeding  a  certain 
threshold  nay  reduce  the  duration  of  aki- 
nesis  or  eliminate  it  entirely,  i irony 
no chan i cal  and  thermal  stimuli  applied  to 
tne  and  *ne  aoo.ce.wn  eeoa  tc  .  * « 

thoracic  stemite  have  an  especially 
antagonistic  effect. 

In  the  imagines  there  is  no  akinesia. 
2.  Enemies 


Pig.  96.  Unidentified 
ectoparasitic  mite,  a 
parasite  in  oy  larva- 
growing  experiments. 


The  chief  parasites  in  my  growing 
experiments  (for  Phausis  and  Larnyri sT 
were  mites  [see  Sote  j ’(Figure  2o)  •  Some¬ 
times  up  to  SOjj  of  the  fireflies  were  in¬ 
fested,  the  rest  being  for  the  most  part 
freshly  molted  or  freshly  captured  out¬ 
doors.  The  larvae  were  often  infested 
with  enormous  numbers*  especially  at  the 
soft  neck  part*  the  mouth  parts,  and  the 
feelers;  other*  less  preferred  places  were  the  legs,  the  anal 
region*  and  the  intersegmental  membranes.  The  mites  sucked 
mostly  at  the  soft  integumental  parts  (such  as  intersegmental 
membranes,  hair  follicles  and  the  like}.  Heavily  infested 
larvae  died  after  a  short  time.  —  In  the  growing  vessels  the 
still  unattached  mites  were  usually  to  be  found  on  elevated 

gaoes  with  the  first  pair  of  legs  extended  upward  and  groping. 

esumably  the  mites  first  attached  themselves  to  the  feelers 
and  legs  of  the  beetle  larvae*  to  look  for  secure  places  on  the 
host's  body  later  (neck  fold,  joints*  and  intersegmental  mem¬ 
branes).  The  mites  possess  a  suction-cup-like  process  at  the 

Keterio?  end.  I  attempted  to  combat  this  plague  mainly  by 
eping  the  growing  vessels  clean  and  occasionally  sterilising 
them*  end  by  isolating  the  larvae  just  molted  and  still  unin¬ 
fest  ed.  removing  the  tiny  mites  (160  p,  in  length)  from  the 
larvae  was  time-contusing  and  taxing;  it  could  be  done  only 
under  50  to  60-fold  magnification,  and  of  course  only  on  nar¬ 
cotised  larvae. 


The  sites  have  set  yet  bees  identified. 

Xore  rarely  the  larvae  of  both  species  vprs  afflicted 
with  nematodes  L see  Sotej*  which  lived  parasitioaliy  in  the 
heed  and  neck  of  the  larvae  and  caused  paraaytio  symptoms  firot 
of  the  Infested  parte  of  the  body  and  then  of  the  whole  insect  * 
resulting  in  death. 

pets]  toe  wont  sere  sent  in  for  identification  and  unfortunately 

lest. 
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Figure  97.  Lamsge  to  Lam-pyxis  larvae 
by  endoparasitic  fungus  (Beauveria 
bassiana  Bals. ,  Vuill. ) . 


b 


Figure  97a.  One  day  after  the  death 
of  the  larva  the  fungus  mycelium, 
previously  not  visible  externally, 
has  grown  through  the  softer  parts  of 
the  larva's  body. 

Figure  97b.  Sporophores  of  the  fun¬ 
gus  outside  the  body  of  the  larva. 

Figure  97c.  Balls  of  fat  of  the  lar¬ 
va's  body,  grown  through  with  a  fine, 
dense  mycelium  at  the  time  of  the 
larva's  death. 


J 


Especially  in  the  fall  and  winter  fungi  (Beauveria  bas- 
eiana  (Bals.)  Vuill.  [see  Hotel)  were  a  devastating  plague  in 
fcamp-.ris  larvae  with  fatal  effects.  The  first  symptoms  of  at- 
tack  could  not  be  detected  until  after  death,  when  on  the  same 
day  that  death  occurred  a  soft  fungus  mycelium  grew  out  of  the 
mouth  opening  or  between  the  mouth  parts  and  at  the  anal  re¬ 
gion.  In  this  stage  the  body  of' the  insect  is  noticeably  hard 
and  stiff.  After  one  day  (Figure  97a)  the  mycelium  has  grown 
through  all  intersegmental  membranes  and  overgrown  the  whole 
body;  this  process  is  accompanied  by  guttation,  which  disap¬ 
pears  during  the  subsequent  sporophore  formation  (Figure  97b). 
At  about  17°  C  this  sets  in  after  5  to  7  days  and  manifests 
itself  macroscopioally  in  a  yellowish  tint.  —  Afflicted  lar¬ 
vae  in  a  living  condition  cannot  be  detected  even  2-3  days 
before  the  first  visible  signs  of  fungus  growth,  since  they 
show  no  deviation  from  normal  behavior.  Insects  dissected  im¬ 
mediately  after  death  show  that  the  visoera,  fat  bodies,  etc. 
are  completely  grown  through  by  a  finer  mycelium  than  the  ex¬ 
ternally  visible  one  and  form  a  matted,  compact,  but  at  the 


146 


same  time  brittle  mass,  the  external  organ  complexes  still  be¬ 
ing  quite  recognizable  (Figure  97c).  I  found  none  of  these 
larvae  afflicted  with  parasites  in  the  natural  habitat. 


Exote]  I  an  indebted  to  the  Federal  Biological  istablisnsent  xor 
Agriculture  and  Forestry  (Institute  for  Biological  Post  Control),  Barnsuauu, 
Kranichsteinerstrasse  61,  for  identification  ox  tne  fungus. 


In  the  literature  there  are  extremely  varied  interpreta¬ 
tions  of  the  luminescent  function  of  the  larvae  with  regain 
to  its  biological  significance.  Many  authors  come  out  in  favor 
of  a  protective  function,  others  against  it.  In  its  favor  it 
has  been  pointed  out  that  the  females,  which  need  protection 
most,  glow  most  strongly  (Dieckhoff  [34]),  that  predators  would 
not  like  to  snap  at  "sparks  of  fire1*  (Eaupt  [57]),  that  the 
free-flying  species  luminesce  intermittently,  and  only  the 
wingless  ones,  which  live  mostly  hidden  in  foliage  and  the  like 
luminesce  continuously  and  permanently  (Giivier  L$S]).  On  the 
other  hand  Enauer  L 63 j  and  Vogel  [131 j  reject  the  repulsing 
function  of  the  light,  saying  that  frogs,  toads,  spiders,  and 
bats  are  not  frightened  away  by  it.  —  I  could  find  no  reports 
of  experiments  on  this  question,  and  since  I  needed  my  insects 
for  other  purposes  until  the  completion  of  this  article,  I 
could  not  carry  out  any  experiments,  either.  Studies  with 
glowing  larvae  are  also  very  difficult,  since  they  normally 
glow  very  capriciously  (except  during  the  rest  periods  before 
molting,  which  see);  pupae  would  be  better  suited  to  this  pur¬ 
pose.  —  I  think  the  luminescence  could  have  a  protective 
function  only  in  Phausis  larvae,  and  not  in  Lamuyris  larvae, 
since  they  let  their  light  go  out  pretty  quickly  in  response 
to  mechanical  stimuli.  In  any  case  they  should  be  well  pro¬ 
tected  by  akiaesis,  by  protective  coloration,  and  by  their 
hidden  way  of  life. 


Extirpation  of  the  Luminous  Organs;  the  Symbiosis  Probles 


Statements  in  favor  of  a  symbiosis  with  luminous  bacteria  in  lam- 
pyridae  (cf.  also'  pages  36  ff.)  have  been  made  by  Kuhnt  [70],  Pierantoni,* 
and  Zirpolo;*  this  is  opposed  by  Czepa  T32],  Harvey  [52,53,55j»  Hasama,* 
Keiasner  [90,32],  Verhoef f [126] ,  Vogel  1130],  and  Weitlaner[l37],  while 
Buchner  awaits  further  studies  and  appraises  the  problem  cautiously  [15-18]. 
The  opponents  base  their  position  either  on  unsuccessful  attempts  to  grow 
luminous  bacteria  or  on  indireot  physiological  experiments  which  rule  out 
any  luminescence  symbiosis. 

♦Cited  according  to  Harvey  [551. 

Harvey  [52]  extirpated  the  luminous  organs  of  firefly 
larvae,  and  raised  thre of  these  to  imagines.  These  imagines 
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expected  in  the  adult  insect,  since  no  other  region  of 
larva  glowed, —  unless  we  assumed  a  non-luainescent  stage  in 
the  life  cycle  of  the  bacteria. 

. I  repeated  the  experiments  with  larger  numbers  of  female 
Lampyris  larvae  (30  individuals).  The  larvae  were  operated 
on  on  one  side  and  on  both  sides.  During  the  experimental 
period  four  larvae  underwent  the  molting  into  the  oaago.  In 
checks  made  both  sub.iective-ontically  and  phot okymographic al¬ 
ly  no  luminescence  could  be  discerned  in  larvae  operated  on 
on  both  3ides,  but  in  those  operated  on  on  one  side  luminescence 
of  the  intact  luminous  organ  was  observed. 

The  larval  organs  were  not  regenerated  after  several 
moltings  (up  to  four) .  In  all  the  larvae  the  normal  iaaginal 
luminous  plates  developed  during  the  pupal  stage  (as  was 
afterwards  proved  histologically),  and  they  glowed.  The  lar¬ 
val  luminous  organ  of  the  specimens  extirpated  on  one  side  of 
course  were  retained  in  the  adult  insect. 

Harvey's  findings,  which  were  somewhat  unsure  because 
of  the  small  number  of  subjects,  are  thus  confirmed  for  Lam- 
pyrla  by  my  experiments.  On  the  basis  of  these  experiments 
and  the  physiological  experiments  concerning  the  luminescence 
of  the  lampyridae,  especially  those  of  McElroy  and  Strehler 
(both  cited  according  to  Harvey  [55]),  I  do  not  consider  the 
luminesoence  of  the  lampyridae  symbiontic,  either. 

4.  Peculiarities  of  Locomotion 


Because  of  the  fact  that  the  relatively  small,  weak 
legs  have  to  move  an  abdomen  that  in  the  case  of  Lamnyris  is 
especially  long,  there  are  among  the  larvae  peculiar  modes  of 
locomotion,  which  appear  also  to  be  quite  useful  in  the  pur¬ 
suit  of  snails.  The  well  developed  pygopodiua  is  used  by  1am- 
pyria  larvae  not  only  as  a  cleaning  organ,  but  also  in  almost 
all  cases  for  measuring-wora-like  locomotion;  in  the  different¬ 
ly  built  Phausis  this  Is  less  the  oase.  With  the  pygopodiua 
the  larvae  oan  creep  backwards  quite  agilely.  —  The  strong 
bristles  on  both  sides  of  the  rear  oomere  of  the  second  to 
eighth  abdominal  sternites  are  considerably  prolonged  in  the 
anal  direction  (especially  the  last  three  pairs)  and  arranged 
obliquely  toward  the  rear*  During  the  looper-like  movements 
they  oan  assist  the  pygopodiua  as  organs  of  locomotion.  (On 
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the  function  of  the  bristles  of.  also  page  41). 

5.  Repair,  Regeneration,  Viability 

If  it  is  difficult  to  raise  larvae,  that  is  not  due  to 
any  lack  of  hardiness,  or  viability,  for  their  viability  is 
astonishing.  Decapitated  lamo.vris  larvae  run  around  for  r.oro 
than  two  months  (at  about  18&  0)  with  such  normally  coordinat¬ 
ed  walking,  looping,  and  retrograde  movements  that  they  are 
indistinguishable  from  uninjured  larvae.  They  perform  normal 
righting  movements,  but  do  not  fall  into  akinesis.  Decapitated 
Lamp vr is  larvae  without  intestinal  tract  behave  in  the  same 
way,  but  not  for  so  long  a  time.  This  astonishing  behavior  is 
to  be  explained  chiefly  by  the  fact  that  for  lack  of  space  the 
cerebral  ganglia  are  located  in  the  prothorax  and  so  are  not 
removed  by  decapitation. 

They  stand  severe  wounds,  bruises,  amputations  of  bodily 
appendages,  operations  on  the  inside  of  the  body  with  great 
loss  of  blood  so  well  that  after  a  few  hours  they  can  again 
attack  snails.  'Wounds  heal  very  quickly.  Extirpations  are 
apparently  not  made  good  in  the  course  of  moltings. 

6,  Perception  of  Drafts.  Thigmotaxis 

The  larvae  react  very  sensitively  to  the  slightest  cur¬ 
rents  of  air  (especially  Phausis) .  They  immediately  become 
motionless  and’  cling  fast  to  their  support  with  feet  and  pygo- 
podium. 

To  air  currents,  very  slight  concussions,  and  taotile 
stimuli  just  too  slight  to  bring  on  akinesis  the  larvae  react 
with  negative  thigmotaxis  and  recede  from  the  stimulus  with 
suitable  mody  movements.  Larvae  meeting  or  otherwise  touohing 
each  other  show  no  such  reactions. 

During  their  daily  inactive  period  the  larvae  show  a 
strong  positive  thigmotaxis.  In  the  absence  of  obstacles  the 
larvae  press  against  their  support;  they  also  like  to  force 
themselves  into  corners  of  the  vessels  they  are  kept  in  (of. 
the  paths  shown  in  Figures  20a, b)  and  into  all  sorts  of  open¬ 
ings  (even  at  night  or  when  the  opening  is  formed  by  translu¬ 
cent  material;  negative  phototaxis  is  thus  ruled  out  in  these 
oases).  This  positive  thigmotaxis  often  hampered  the  carrying 
out  of  experiments.  In  the  larvae  living  at  liberty  it  is  no 
doubt  oonneoted  with  the  sensitivity  to  external  stimuli  of 
all  kinds,  for  .by  positive  thigmotaxis  the  animal  is  protected 
in  its  preferred  habitat  against  drying  out,  asgainst  light, 
and  other  influenoes. 


2.  Righting  Movements 

If  larvae  under  normal  conditions  (in  climbing,  in  the 
capture  of  prey,  etc.)  get  into  a  prostrate  position  on  a  flat 
rough  surface  (e.g.  filter  paper),  they  try  in  two  wavs  to  re¬ 
establish  contact  with  the  tarsi:  a)  Head  and  body  are  maxi¬ 
mally  extended,  the  legs  make  groping  movements,  and  for c  and 
rear  portions  of  the  body  are  raised  from  the  supporting  sur¬ 
face  and  twisted  around  their  longitudinal  axis  to  the  support 
ing  surface.  This  turning  movement  only  occasionally  succeeds 
in  that  case  the  animal  then  falls  into  the  normal  position 
and. immediately  holds  fast.  This  sort  of  twisting  often  con¬ 
tinues  for  several  minutes. 

b)  If  after  long  attempts  a)  does  not  lead  to  turning 
over,  with  lightning  speed  posture  a)  is  changed  to  postured) 
The  fore  end  and  the  abdomen  press  against  the  supporting  sur¬ 
face  with  a  slight  elevation  of  the  central  portion  of  the 
body,  and  the  larva  flips  over  sideways  and  gets  into  its  nor¬ 
mal  position  by  using  the. pygopodium  and  tarsi.  This  reaction 
usually  leads  to  the  desired  result  within  a  second. 

It  is  remarkable  that  a)  is  always  executed  first,  for 
this  reaction  under  normal  conditions  usually  leads  to  the 
legs  or  the  pygopodium  again  finding  contact.  —  That  the  ef¬ 
forts  to  turn  depend  on  a  contact  of  the  tarsi  and  pygopodium 
with  the  support  is  apparent  when  tarsi  and  pygopodium  acci¬ 
dentally  touch  each  other  during  the  semicircular  curling  of 
fore  end  and  abdomen  and  hold  fast  to  each  other  for  a  while. 
The  larvae  often  remain  in  this  posture,  so  that  further  turn¬ 
ing  movements  are  ruled  out. 

lit.  On  ftraflw 

1.  The  Question  of  Nourishment 

According  to  Csepa  [32]  and  Sfeitlsner  Cl38]  the  imagines  eat  humus, 
the  Ijppprrtw  female*  also  eating  green  plants;  according  to  Haille  [76]  they 
are  herbivorous,  according  to  Reoluz  [I10]both  herbivorous  and  carnivorous 
(•nails);  Acloque  til  and  Newport  193]  report  the  taking  of  nourishment  only 
in  the  ease  of  females  (Newport  without  mention  of  the  type  of  food,  Aoloque 
■actioning  snails) ;  H&Urigl  [62]  was  never  able  to  obaerve  taking  of  nour¬ 
ishment  by  VbMiaia  imagines.  —  According  to  ay  observations  the  imagines  of 
both  epeoies  take  water. 

The  following  observations  and  considerations  tell 
•gainst  the  taking  of  nourishment  by  the  imagines  of  the  two 
spsoiest 

1.  The  reduced  mouth  ports:  in  Phausis  while  the  de¬ 
velopment  typical  for  tbs  larvae  is  retained,  mandibular 
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Figure  98.  Decrease  in  weight  in  the  course  of  the  lifetime  cf  the  imagines 
(Laanyris^ :  a)  in  males  until  their  death,  b)  in  featles  until  the  beginning 
of  egg-laying.  Vertical  3cale:  y*  of  total  weight.  Further  explanations  in 
the  text.  Horizontal  scale:  days  of  the  [imagine!  "i  lifetime. 

canals,  etc.  are  lacking;  in  Laaovris  they  are  reduced  to  tiny 
rudiments. 

2.  The  activity  cycle:  The  imagines  are  completely  in¬ 
active  in  the  daytime,  and  at  night  they  show  only  sexual  ap¬ 
petency  behavior  (cf.  Chapter  Dll). 

3.  The  empty  intestine  (even  in  freshly  captured  speci¬ 
mens):  The  intestinal  tract  seems  reduced  as  compared  to  that 
of  the  larvae,  but  otherwise  still  fully  developed. 

4.  The  fact  that  the  fat  bodies  are  used  up  by  the  end 
of  the  lifetime. 

5.  The  fact  that  specimens  kept  from  the  pupal  state 
until  death  between  filter  paper  without  nourishment  of  any 
kind  lived  just  as  long  as  imagines  kept  in  growing  vessels 
arranged  as  true  to  nature  as  possible  with  abundant  provision 
of  snail 8.  (Imagines  show  no  reactions  of  any  kind  to  snails i) 

6.  The  weight  of  the  living  insect  declines  progres¬ 
sively  down  to  a  certain  percentage  (Figure  98a, b),  after  which 
"natural"  death  occurs.  This  death  could  of  course  be  inter¬ 
preted  as  "death  from  starvation."  The  experiments  whose  re¬ 
sults  are  shown  in  these  figures  were  carried  out  in  a  largely 
natural  habitat  at  lC0/"i  relative  humidity  and  21°  C.  It  la  to 
ba  noted  that  no  open  water  was  available  to  then,  as  they 
take  water  greedily  (10-20J&  of  their  body  weight). 
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She  fact  that  the  curves  for  the  sales  fall  off  rapidly 
at  first  is  tc  be  attributed  to  their  incomparably  greater 
activity.  Curve  I  of  Figure  9Sb  represents  the  decline  in 
weight  of  a  female  that  laid  all  her  eggs  (unfertilized)  be¬ 
tween  the  sixth  and  seventh  day  and  died  on  the  eighth  day  of 
her  life.  This  curve  shows  that  the  net  weight  of  the  females 
(without  the  egg  ballast)  also  declines  50/S  by  the  uime  of 
death.  The  other  curves  of  Figure  93b  were  broken  off  au  m.o 
beginning  of  egg-laying. 

2.  Enemies;  Phoresv 

The  females,  many  of  which  I  was  able  to  observe  in  the 
field  from  the  first  day  of  their  appearance  until  xh&  natural 
end  of  their  lives,  appear  to  have  few  or  no  enemies.  I  offered 
glowing  females  to  toads,  which  ate  them.  —  The  males  on  the 
other  hand  are  found  by  the  dozens  in  spiderwebs,  where  they 
are  sucked  dry  by  spiders.  I  offered  non-glowing  imagines  of 
both  sexes  to  a  bat  (Selysius  bochsteini)  that  had  been  with¬ 
out  food  (at  21°  C)  for  several  days.  Only  during  a  meal  of 
meal  worms  did  it  happen  that  the  bat  started  to  eat  a  firefly 
or  actually  bit  into  one,  but  then  flung  the  bite  away.  Vhen 
not  given  meal  worms  with  them,  the  bat  did  not  react  at  all 
to  the  fireflies  offered.  Perhaps  their  unpleasant  smell  has 
a  repellant  effect. 


I  observed  phoresy  on  a  copulating 
‘  -  Lokly  “  . 


were  covered  thickly  all  over  their  bodies  vi 
3.  Mbroho logical  Comparison  of  the  Per.cs  and 


•is  pair  that 
uropodidae. 


Verhoeff  [125]  describes  only  the  abdoaina  of  Phausis 
malts  end  Iampyria  females  ,  so  that  comparison  of  the  two 
special  ana  tae  two  sexes  was  not  possible.  The  necessity  of 
sirat  s  comparison  presented  itself  to  me  through  the  foot  that 
,  males  not  only  flew  up  to  1&3SKEU  famsles,  but  also 
ed  to  oopul&te  with  them.  Would  such  a  copulation  be 
ssible  In  theory?  Figures  99  and  100  represent  the  morpho- 
logioal  relationships  of  the  penis  and  the  laying  apparatus 
in  the  two  speoles.  She  penis  sad  the  feaale  genital  opening 
are  essentially  simpler  in  fora  in  £isnai&  than  in  foarcyrtg* 
She  3a  ok  of  the  grasping  apparatus  peculiar  to  the  speoles 
any  make  fixation  in  the  feaale  genital  opening  of  lamoyrla 
iaposaible  for  the  Shausls  male.  She  dorsal  process  of  the 
ninth  segment  of  the  xamovrls  feaale  alio  aeaas  to  bo  a  hin¬ 
drance  to  copulation,  for  in  the  attempt  at  copulation  the 
•PKaMnia  penis  during  the  hunting  movements  does  not  penetrate 
fifotb  gnltal  opening  of  the  lamnwii  female  at  aUT 
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Figure  S9*  Kale  sexual  appendages 
°f  Lasnvris  (a)  and  Phau3is  (b). 
(Hair  omitted.) 

Figure  100  (right).  Penal e  sexual 
appendages  of  lar.nvris  (a)  and 
Phausis  (b).  (Hair  omitted). 

Legend  for  both  figures: 

A  anus 
C  cercus 

Ch  chitinous  plates 
C8  genital  orifice 
P  penis 
Pm  partners 

Pr  IX  process  of  the  ninth  tergito 
TIH,  IX  eighth  end  ninth  stersite 
or  tergite  respectively 


A.  Righting  Ifrvomenta 

The  righting  movements  of  the  female  imagines  are  aial- 
lar  to  those  of  the  larvae,  though  the  sequence  of  resort  to 
the  tvo  possibilities  is  notso  strictly  observed. 

Zn  Shsugio  Bales  righting  movement  b)  of  the  larvae  and 
females  is  completely  wanting;  it  probably  could  not  be  oxshu t- 
od  because  of  the  vings  and/or  elytra  and  baoauee  of  the  ohort 
abdomen.  She  abdomen  of  ZflSffigia  sales  is  longer  than  the 
elytra*  to  that  thay  can  also  execute  righting  movement  b). 
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Movements  a)  and  b)  are  made  in  rapid  succession  in  the  right¬ 
ing  reflex  of  the  males,  a)  always  preceding. 


Ecology,  developmental  ci'cle,  larval  biology,  and  sex¬ 
ual  biology  of  the  native  lampyridae  Lsjmnyri.q  noctilucn  and 
Phausls  snlendidula  were  studied  in  the  field  ana  in  aho  lae*- 
ratory.  Ihe  following  findings  may  be  presented; 

1.  Lamn vr is  and  Phausis  as  a  rule  have  common  biotopes'. 
The  typical  biotope  is  damp,  with  well  developed  herb  and 
brushwood  strata.  Their  habitat  is  the  ground  stratum  exclu¬ 
sively. 

Sharp  reactions  to  specific  ecological  factors  (soil, 
humidity,  brightness,  temperature,  etc.)  and  to  their  interac¬ 
tion  and  interplay  keep  the  larvae  in  an  environment  whose 
microclimate  exhibits  the  least  possible  fluctuations. 

2.  The  cycle  of  development  of  both  specie 3  is  a  three- 
year  one.  Complete  individual  data  are  available  only  for 

q.  for  which  growing  from  eggs  was  successful  in  two 
stages;  information  on  Phausia  is  limited  to  the  first  and 
last  periods  of  life. 

3.  The  larvae  of  both  species  have  a  seasonal  cycle  of 
activity  in  which  a  winter  diapause  (for  Lanpyris  partial  and 
facultative,  for  Pfcausis  total  and  obligatory)  alternates 
with  an  active  period  during  the  rest  of  the  year. 

4.  The  diurnal  variation  in  activity  (active  by  night, 
inactive  by  day)  la  accompanied  by  a  rhythm  of  luminescence 
(erratic  luminescence  at  night). 

a)  She  rhythm  of  activity  in  i^amyria  is  strongly  endo¬ 
genously  fixed.  With  other  conditions  constant  it  is  only 
nod { •fjable  exogenously  by  change  in  illumination.  Phausis 
adapts  iteelf  immediately  toany  change  of  phase  inWvarl- 

;  ation  Of  light. 

b)  The  rhythm  of  luminescence  obeys  inherent  factors# 

so  that  luminescence  normally  remains  confined  to  the  nooturnal 
motive  phase.  The  larvaedo  not  glow  continuousl;*. 

5.  She  chief  food  of  the  larvae  in  the  open  consists  of 
shell-less  and  shelled  snails.  In  captivity  the?  accept  enir 
aala  of  el**1**  consistency  (earthworms),  and  also  fresh, 
wounded  animal  cadavers  of  the  most  varied  groups. 

5.  shs  predatory  behavior  of  both  spooies  of  larvae 

differs  from  the  praotioes  of  other  snail  specialists  among 
the  beetles  end  is  markedly  adapted  to  the  habits  of  life  c* 
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the  snails.  The  individual  members  of  the  tyoical  stimulus- 
reaction  chain  between  snail  and  larva  need  not  follow  each 
other  rigidly,  but  may  be  repeated  or  shinned  deoendin"  on 
the  situation. 


a)  The  larvae  find  the  snails  only  by  the  trail  of 
slime,  which  they  follow  closely,  not  by  rc-not e-per~.' a- ;_on 
senses.  A  snail  slime  trail  can  still  be  followed  a_ a..r  1 
to  2  days.  In  this  only  the  feelers  of  the  fires  muwillc. 
function  as  presumably  olfactory  sense  organs. 

b)  ?or  finding  the  fore  end  of  the  snail,  which  is  im¬ 
portant  for  the  poison  injection,  neither  optical  nor  tactile 
stimuli  of  the  snail  are  decisive  (Vogel  [129]  notwithstand¬ 
ing),  but  the  differing  (chemical?)  composition  of  the  slime 
at  the  fore  and  rear  ends. 


c)  Disappearance  of  the  fore  end  of  the  snail  into  the 
shell  or  under  a  dummy  and  also  the  absence  of  slime  then 
bring  about  mounting  the  snail  shell  and  “riding"  on  it. 

d)  The  poison  injected  into  the  prey  during  the  attack 
of  the  larva  has  an  irreversible  paralyxic  effect  on  all  its 
movements;  the  paralysis  presumably  starts  from  the  nerve 
centers  in  the  fore  end  of  the  snail.  The  place  where  the 
poison  is  produced  is  undetermined;  extracts  from  the  most 
varied  parts  of  the  larva  have  a  lethal  effect  on  snails. 

The  place  of  storage  and  concentration  of  the  ooison  should 
not  be  sought  in  the  intestine  (?abre  [40],  Vogel  [127,129, 
131J),  but  in  the  head  of  the  larva.  The  stock  of  ooison  is 
exhausted  after  a  few  bites. 

e)  Positive  thigmotaxis  finally  leads  to  carrying  the 
prey  away  to  a  hiding  plaoe. 

f)  2xtraintestinal  digestion  (?abre  [40],  Vogel  [127, 
129,  131])  hardly  appears  to  oceur  along  with  the  normal  in¬ 
take  of  nourishment  in  the  fora  of  finely  chopped  food.  The 
morphological  structure  of  the  biting  mouth  parts  and  of  the 
pharynx  provide  for  a  normal  intake  of  nourishment  and  appear 
well  adapted  to  the  snail  diet. 

7.  The  typical  day-night  rhythm  of  activity  and  lumines¬ 
cence  which  determines  the  sexual  appetency  oehaviur,  the 
flight  of  the  males,  the  waiting-tnd-glowing  posture  of  the 
females,  and  the  mating  were  observed  and  olosely  studied  in 
the  field  and  in  the  laboratory.  This  whole  ooaplex  of  behav¬ 
ior  is  astonishingly  similar  in  the  two  species. 

8.  Experiments  yielded  the  following  results  * 

a)  Daily  oyele  of  activity  and  luminescence  of  the 
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imagines:  The  activity  of  both  ce-  und  the  (cor.tir.ucu;; ; ) 
luminescence  of  the  females  are  coupled,  and  normally  fall  in 
the  night  hours  before  midnight,  iheir  duration  i-  endogenous¬ 
ly  fixed,  but  the  beginning  can  be  induced  by  certain  conn;  - 
tions  of  light.  She  other  environmental  conditions  trevuiling 
at  the  same  tine  in  the  open  (temperature,  atmospheric  hu~- i~w 
ity,  wind,  rain,  and  so  on)  have  no  effect. 

b)  Precipitating  stimuli  for  the  sexual  behavior  in  t..„ 
narrower  sense:  The  sole  effective  stimulus  for  the  flight  of 
the  males  leading  to  coitus  is  the  female  light  (remote  stimu¬ 
lus).  The  female  odor  comes  into  play  for  the  first  -time  in 
the  orientation  of  the  male  upon  the  female  and  only  intensi¬ 
fies  the  further  male  sexual  behavior  after  the  approach  flight 
has  succeeded. 

Tactile  stimuli  of  the  male  then  induce  certain  move¬ 
ments  of  the  female.  These  movements  in  turn  are  important 
to  the  success  of  the  copulation,  but  suili  copulation  occurs 
even  with  dead  females  in  the  normal  walling  posture. 

When  isolated  from  the  other  components  the  whole  shape 
of  the  female  body  and  the  shape  of  parts  of  it  are  not  to  be 
oredited  with  any  excitatory  effect. 

Dead  or  narcotized  males  produce  no  reaotions  in  the 
females,  and  the  -light  of  the  Phausis  males  is  also  ineffective. 

o)  The  properties  of  the  li^t  of  lanpyridae :  Spectral 
range  (500-650  mjO ,  energy  distribution  of  the  spectral  light 
and  its  maximum  (550-530  cji),  and  light  intensity  are  the  same 
in  the  two  species  and  all  developmental  stages. 

d)  luminous  decoy  experiments:  Female  decoys  (•  decoys 
yith  true-to-life  female  luminous  surface  patterns  of  the  spe¬ 
cies  in  question)  lighted  with  yellow  light  (*  maximum  of  the 
spectral  energy  of  the  normal  female  light)  evoke  a  maximum 
of  approaches  of  the  males  of  both  species.  This  maximum  is 
exceeded  in  the  ease  of  Phausis  by  another  maximum  located  in 
the  blue  range  of  the  spectrum,  which  does  not  occur  at  all 
in  the  emission  speotrua  of  that  spades.  Lpnrpi*  males  do 
not  react  to  blue,  green,  end  red  light,  although  they  per* 
oeive  it,  Phausis  males  reset  veil  to  all  wave-lengths  of 
yisifei*  light* 

Phausis  prefers  female  decoys  of  more  than  normal  bright¬ 
ness,  while  resots  maximally  to  the  female  light  in¬ 


spiring  or  : 
the  number 


bhaioally  flashing  female  light  decoys 
approaches  in  both  species. 


Oversized  and  undersized  fenala  li-hz  deccyz  rceuee 


number  of  approaches  in  the  case  of 


C\a  «* 


oversized  ones  have  a  none  powerful  effoeu. 


Isrinvris  naie3  in 
the  simultaneously  Rowing 
species,  and  especially  the 
females  of  their  can.  species;  !?h 
own  females  with  those*  of  I-unnvr: 


Both  unbroken  and  broken  luminous  surfaces  produce  a 
number  of  approaches  that  increases  with  their  size,  but  only 
in  the  case  of  Phausis  and  not  that  of  lapyrrls.  do  they  equal 
the  number  of  approaches  to  the  normal  female  decoy.  Broken 
surfaces  have  less  attraction  than  unbroken  ones. 

She  pattern  of  surfaces  of  the  T-r.wr? is  female  luminous 
organ  is  optimal  for  I-sr.pyris  males,  and  the  degree  or4'  modifi¬ 
cation  corresponds  to  the  reduction  in  number  of  approaches. 

Any  visible  light  works  as  a  stimulus  on  Phaupis.  ^y  schcma- 
tization  and  multiplication  of  the  elements  ofThe  Phausis 
female  luminous  organ  it  is  possible  to  construct  “supernormal" 
decoys,  if  their  luminous  surface  is  at  the  same  time  increased 
and  glows  with  blue  light* 

Yellow-light  decoys  with  a  luminous  pattern  faithful  to 
that  of  the  Inmnvris  female  luminous  organ  have  a  supernormal 
effect  on  lanrr/ris  males  (about  5C£  more  approaches  than  to 
the  glowing  female). 

e)  Prom  observations  in  the  field  and  experiments  with 
luminous  decoys  it  appears  that  the  laaovris  male  finds  his 
female  by  the  arrangement  of  the  luminous  fields  peculiar  to 
the  species  and  by  the  quality  of  the  female  light.  Phausis 
males  fly  to  all  glowing  surfaces  of  a  certain  size,  color, 
and  Intensity,  and  find  their  females  only  by  trial  and  error. 
Overproduction  of  males  appears  to  compensate  for  this  defect. 

9.  She  eyes  of  the  males  deviate  greatly  from  the  usual 
morphological  structure  of  superposition  eyes,  and  do  meat  the 
demands  made  upon  them,  with  respeot  to  size,  position  on  the 
head,  360®  vision,  binocular  field  of  vision,  great  concentra¬ 
tion  of  light  and  resolving  power,  to  find  their  sexual  part¬ 
ners.  Their  morphology  exhibits  no  remarkable  differences  for 
the  two  species. 

The  eyes  of  the  females  of  both  speoles  largely  corre¬ 
spond  to  the  usual  structure  of  superposition  eyes. 

10.  males  react  positively  to  li^it  intensi¬ 
ties  up  to  about  200  lx,  and  to  greater  intensities  (at  1COO 
lx)  Indifferently  or  with  definite  negative  phototaxis.  In 
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Phausis  sales  the  change  Iron  positive  to  negative  phctotaxis 

occurs  at  60  lx. 

■  11.  The  sexual  appetency  behavior  i3  disturbed  in 
pyris  females  by  light  above.  80  lx,  in  Phausis  females  by 
light  above  100  lx. 

12.  Scototaxis  (perception  of  form?)  can  be  demons tr-t~ 
ed  only  for  the  males,,  not  the  females. 
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